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FOREWORD

This report was prepared by Judson R. Baron, with
contributions by Eugene E. Covert, Leon H. Schindel,
Marvin W. Sweeney, and Edward B. Temple of the
Analysis and Research Group of the Naval Supersonic
Laboratory, Massachusetts Institute of Technology,
Cambridge, Massachusetts on Air Force Contract No.
AF 33(616)-Z132, under Expenditure Order No.R-465-6
BR-I.
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ABSTRACT

The design procedure for the family of supersonic
nozzles in use at the Naval Superso:-ic Laboratory of the
Massachusetts Institute of Technoi,,gy is h;.:rein pre-
sented. The basi- io. the potential-flow design is 11he
analytic method first outlined by P'riedrichs, to which
has been added some results which furnish a higher
order of approximation to the nozzle contour. The implied
mathematical convergence in the method is discussed and
reference is made to continuous curvature streamlines.
The accumulated computations of the Laboratory are
tabulated for the convenience of those wishing to avail
themselves of the family of contours successfully used.
Experimental results from calibrations conducted within
the uniform flow region and at the nozzle boundaries are
presented, and interpretations are given in terms of the
design, fabrication, measurement accuracy, and model
requirements.

PUBLICATION REV!E%

The publication of this report does not constitute
approval by the Air Force of the findings or the con-
clusions contained therein. It is pubiished only for the
exchange and stimulation of ideas.

FOR THE COMMANDER:

LESLIE B. VILLIAM., Colonel, USAF
Chief, Aer-,;,:'.ical Research Laboratory
Directorate of P.asearch
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SECTION I

INTRODUCTION

In describing improvements made in the fow in an early supersonic

wind tunnel, Bailey and Woodl* speak of "arranging thc flare so that ...

the velocity rises smoothly to its working value. By this means, the vari-

ation of velocity along the axis was reduced from about 30% to 10%." The

achievement of supersonic flow at that time was, in itself, an accomplish-

ment of some magnitude without requiring that the flow be uniform. Today

the supersonic wind tunnel is a research tool and no longer an aerodynamic

curiosity; it must provide unifor-.n test conditions which will make the ob-

tained data both accurate and repeatable.

A continuous supersonic wind tunnel normally utilizes about 3.000

horsepower to blow air through each square foot of test section. The pur-

pose of this large expenditure of power is to produce a region of uniform

supersonic flow in which models may be tested. Given sifficient pressure

ratio, the Mach number and uniformity of the flow are determined com-

pletely by the shape of the supersonic nozzle. Moreover, any irregularity

in the nozzle contour will cause a pressure disturbance to be propagated

into the wind stream where it may affect the model. Thus, considerable

effort can be expended justifiably in the design, manufacture, and calibra-

tion of wind-tunnel nozzles.

The first question, of course, is: - How uniform must the flow be? The

answer depends upon the type of test and the accuracy of force, pressure,

and other types of measuring instruments which are to be available. In a

force test of a supersonic configuration, for example, pressure ivrrgu-

laritios may produce only a small over-all effect on the model fnrces and

moments; if, however, they stre spaced so as to increase the wing force

while reducing the load on the tail, it is possible that intolerable errors

will be incurred in the pitching moment. V.-riations in flow angle may Iso

cause erroneous forces and moments, and evet change the slope of these

curves with angle of a'tack. Small fluctuations of pressure, which have

little effect on a force model, may cause a sufficient disturbance to make

Superscripts refer to References listed in Section 12
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boundary-layer researclh impossible. Since the same nuzzle is likely to

be used ior many typen of invctigations, it i, cenirable to make the flow

as uniform as the available time, equipment, and manpower will allow.

Although uniform flow is a desirable goal, it is not easily attained; in

pursuit of this ideal it is conven-ient to ccosn.der three distinct divisions of

effort. The foremost difficulty of the design lies in the fa-t that the

governing differential equation is non-linear, and, while useful exact solu-

tions are known, much depends upon both tedious and approximate numeri-

cal or graphical computations. Furthermore, the non-linear wave equa-

tion does not account for the effects of viscosity. Allowance must, there-

fore, be made for a bou. lary layer for which only approximate solutions

are available, and which is in reality a three-dimensional phenomenon

that cannot be compensated for perfectly in a Otwo-dimensionals nozzle.

Lastly, the final design must be carried through various stages of manu-

facture, during which the cost of fabrication rises sharply as the toler-

ances are made smaller.

The one-dimensional method used by Dailey and Wood, and others to

design early supersonic nozzles is inadequate in the light of modern re-

quirements. For the non-viscous design, a solution of the two-dimensional

wave equation is necessary. A procedure for achieving uniform flow was

first'suggested by Prandtl and Busemann, 2 in which use was made of the

method of characteristics. In this country, modifications of the Prandtl-

Busemann procedure were proposed by Foelsch3 and Puckett.4

In the latter methods, the design originates on a line through the inflec-

tion point (Fig. 1) on which a particular Mach-number distribution is

assn-med. The rerainder of the r.ozzle downsteam, a *simple wave

regiong as defined by Courant and Friedrichs, 5 may be deduced on the
basis of the prescribed initial conditions, while the upstream portion may

be determined by working upstream toward the throat with the method of

characteristics.

A nozzle-design procedurt which does not directly employ the mathe-.

matical method of character'stics was described by a panel headed by

K. 0. Friedrichs ' 7 at New York University. A series solution of the non-

linear wave equation was used, only the leading terms !n the series being

WADC TR 54-279 2



retained. Both the method of characteristics and the serics solution give

exact - olutions of the wave equation provided that in the former case the

mesh size is infinitesimal, and that in the latter case an infinite number of

terms is hand1d. To the extent that neither is possible in n-acticc, both

solutions are approximate. The series solution, however, atfords a

means of determining both the subsonic and the supersonic portions of the

nozzle, and furthermore is expressible in are analytic form in which pre-

computed tables may be used to advantage. This method has been ex-

ploited and expanded at the Naval Supersonic Laboratory (NSL) as a basis

for the non-viscous design procedure.

In the process of designing, fabricating, and calibrating even a few

supersonic nozzles, problems are encountered, procedures developed,

and numbers compiled which may be of considerable value to other nozzle

designers. It is the purpose of this report to collect and to make available

such information and experience that may be of interest. Although some

calculations were made at this Laboratory using tP'- graphical method of

characteristics, these never were applied to the manufacture of an actual

nozzle.. All nozzles for the 18 in. x Z4 in. wind tunnel at the NSL were de-

signed (since 1947) by the method developed at New York University, 7

and extended and applied by Nilson. 8 ' 9 The relations and tables presented

herein for the basic non-viscous design are all applicable to this procedure

and will henceforth be designated as the Friedrichs method.

The tables are primarily for use in designing fixed nozzles; other types

of nozzles are discussed, however, includ.ng pocsible modifications of the

Friedrichs method which make it applicable to flexible nozzles.

To make the tables as complvte and useful as possible, discussions are

ii-cluded of various types of nozzles, methods of calibration, and calibra-

tion and boundary-layer data obtained in the NFL Wind Tunnel. Considera-

tion is also given to the correction for vis,-ous effects as well as to It

technique which has proven adequate ar a check of the manu'cturing

process.
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SECTION Z

SYM OLS

A a rea

a velocity of sound

a i  oefficients in power-series expansion for h
I

C curvature tolerance

C p specific heat at constant pressure

F, G, H coefficients in power-series expression for slope of
"design characteristic"

f scale factor

H boundary-layer shape parameter (= 6e/0)

h nozzle-generating parametcr (z p* V */pV)

hr rise of arc

hT test-section semi-height

hE nozzle-entrance semi-height

k thermal conductivity

kd span of fixed legs of waviness gage

L nozzle length, over-all

Le  wavelength of contour waviness

LA  wavelength of Mach-number perturbation

I nozzle length, supersonic portion

M Mach number (a V/a)

N inverse exponent in power-law boundary-layer profil4

Pr Prandtl number (z cp 1/k)

p pressure

q velocity

R gas constant

Re  radius of curvature at throat
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RN Reyno:| " nir-tber (= pVx/L)

r recovery factor

r test-rhombus semi-length

a arc le jth along streamline

T temperature

U velocity at outer edge of boundary layer

u velocity within boundary layer

uv velocity components in x. y directions, respectively

V velocity

x y cartesian coordinates (Note: in some instances y is radial
component of axisynmmetric configuration cut by plane)

xi Yi coefficients in power-series expansion for streamline

o Mach angle

)&W adiabatic wall condition

slope of characteristic

1s shock angle

Y ratio of specific heats (z 1.400 for air)

6 boundary-layer thickness

6* boundary-layer displacement thickness

6i  coefficient in power-series expansion for q

w-iviness superimposed on exact contour

dimensional parameter (a 2 for two-dimensional case;
3 for axi, ymmetric case)

streamline parameter

O0 boundary-layer momentum thickness

O flow inclination with respect tn line 3f symmetry

01 coef t icient in pover-series expansioitfor 0
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A C~d/4 T

apparent reflection height

Sdynamic viscosity

potential line parameter

p density

r coordinate tolerance

*, 4 potential function

stream function

skin-friction stress

(S )free-stream (static) condition

) stagnation condition

sonic reference condition

)w wall condition

S)d design condition

IT nozzle-axis condition

inflection-point condition

WADC TR. 54-279 6



SECTION 3

PREVALENT DESIGN METHOv

Before entering into the specific details of the Friedrichs method in

the next section, it is pertinent to - eview briefly some of the design pro-

cedures tht have been advanced, the majority of them wichin the last dec-

ade. In general, each offers advantages from a specific viewpoint (for

example: computational ease, minimum nozzle length, or variable Mach

number); on the other hand, each is limited in scope (in sich respects as:

excessive viscous effects, maximum Mach number, or man-hours re-

quired). In the following, a preliminary comparison of the available tech-

niques is attempted so as to offer some basis for.the advantages and disad-

vantages mentioned in the Friedrichs analysis.

3. 1 Wave Equation

As mentioned earlier, the starting point of supersonic nozzle design is

the potential flow associated with an inviscid gas. The appropriate non-

linear wave equation for the two-dimensional case is,

2a- 2 (v ) &* . (1 - -'!I- 0 (3:01)
/x, \a'll + "a2/ ayA

where u and v are the velocity components in ;he orthogonal (x, y) direc-

tions, a is the local velocity of sound, and + is the velocity potential such

that

us = v W (3:02)

It is the purpose of the nozzle contour to provide a suitable boundary

condition which in combination with Eq. ( 3 .01) will produce a uniform super-

sonic flow suitable for test purposes.

hi the supersonic portion of the nozzle, the tou e'ninig wave equation is

hyperbolic: hence the flow contains real characterAstics. 5 110 These char-

acteristics correspond to wave fronts along whicntlsturbances are propa

gated and follow nhysically as a result of the fact that the medium is

7 WADC TR 54-27?



traveling faster than its own nropaqation velocity. A well-known -PVamnp.

with radially --cmar.,ting characteristics ari.s-b i&& tl, su--..lled Pua.,dtl-

Meyer flow around a corner, 1,12,13 which constitutes an exact solut~on

for th2 two-dimensional wave equation. kr.general, there exists An in-

tersecting network of left and right running characteristics, sometimes

referred to as members of the first and second families.

This network is useful since the specification of conditions along a non-

characteristic segment defines the properties within a triangle formed by

that line and the characteristics passing through its end points. Sir iidrly,

conditions being specified along segments of two intersecting character-

istics imply the solution within a characteristic-bounded rectangular sec-

tion. The step-by-step calculation, made possible by these properties, is

known as the "method of characteristics." 14 Starting with an initial line

along which the stream properties are either known or assumed, the

double family of characteristics may be drawn as straight lines through

points on a curve. The properties at the first intersections of the charac-

teristics are then determined, which defines the directions in which sub-

sequent characteristics are to be extended, and the process repeated. The

number of points chosen along the initial curve determines the spacing of

the intersections (mesh size) and the solution becomes more accurate as

the mesh is made finer. The penalty for such an increase in accuracy is

the increased computation time.

Although the expression "characteristics method" has acquired a

specific meaning in present-day use with regard to a design method, the

object of all methods is to obtain a flow in which one family of character-

istics becomes a set of straight Mac'. lines, while the other family reduces

to a single characteristic. The stream properties in this "simple wave"

region may then be obtained from the Prandtl-Meyer solution.

If it is assumed that the flow is uniform over each cross section of a

channel, the one-dimensional equation for isentropic O ' w servus to define

the Mach number as a function of the cross-sectional arci:

jTA~s Ijv (I + l MZIJ (3:03)

WADC TR 54-279 8



The use of this simple design relation is unfortunately restricted to ex-

tremely long nozzles in which case the viscous effects will predominate.

Intcrcst will bt. restricted hcrc to reasonable lengths; hit it will be seen

that Eq. (3:03) plays a basic role in the Friedrichs nalysis. which does

achieve practical contours.

To produce a uniform flow region at a particular Mach number, there

are an infinite number of possible contours which depend upon the choice

of an initial curve and the imposed boundary near the minimum section.

Since the characteristics are imaginary in the subsonic region, it has been

fairly standard practice to assume straight sonic lines and attempt to shape

the subsonic entrance contour to match this choice. This constitutes one

of the major disadvantages for the majority of procedures.

3. 2 Available Procedures

The first application of the method of characteristics to wind-tunnel

design was made by Prandtl and Busemann in 1929. They fi.- computed

the maximum expansion angle which would produce the desired flow in the

test region without requiring compression waves: one half (for a symme-

trical nozzle) of the hodograph angle from snnic velocity to the design Mach

number. An arbitrary curve was then made to increase monotonically in

slope from zero at the throat until the max mum expansion angle was

reached. Dividing the curve into straight .ei.ments of convenient length,

and assuming a uniform sonic flow at the .: inmmum section allowed applica-

tion of the method of characteristics as a step-by-step calculation. Down-

stream of the inflection point the wall was shaped so as to cancel the re-

flections of incoming waves; tfe contour was then tangent to the flow after

each characteristic and a simple wave region was produced.

The basic Prandtl-Busemann exposition was explained and amplified

in 1946 by A. E. Puckett 4 who pointed out that lesser expansion angies were

permissible. The resulting nozzle urith a gentler slope would be longer,

but might have a more uniform final flow. Puck,.tt also suggested the pos-

sible simplification in assuming uniform radial flow at the maximum slope

cross section, corresponding to the inflection point. Only the downstream-

flow region is tI -n calculated, and a smooth curve is faired back to the

9 WADC TR 54-27,



throai 1run atgc ii' niftion point. It ws Pu.'ett'" obip,'vation that a

reasonable choice of such a curve would yield the uniform radial flow

assum-d.

Still another design procedure was advocated by Foelsch 3 in 1946. He

a. uumed that the Mach numbr was constant on a circular aic, inter-

secting and perpendicular to the contour atthe inflection point. A further

assumption was that on the Mach line through the inflection point the ve-
locity vectors intersect at the center of the circle of constant Mach number,

and that in the region between this circle and the Mach line through the in-
flection point the velocity was a function only of the distance from the

center, permitting an analytic determination of the nozzle contour down-

stream of the inflection point. The upstream glow field must then be de-

termined by the use of the mechod of characteristics, or, as suggested by

Puckett, a smooth transition curve may suffice.

In principle, it is possible to dispense with the initial expansion contour

upstream of the inflection point by making the latter coincident with the

throat. The resulting sharp-cornered nozzles have been investigated by15 16
Edelman, and Shames and Seashore. Choosing the maximum expan-
sion angle for the sharp corner, one obtains the shortest physical nozzle;

moreover, the simple wave region in this case represents a relatively

larger area of the nozzle, thereby making an important saving in computa-

tion time. Unfortunately, troubles may arise due to viscous effects at the

corner.

An interesting approach to the simplification of the design problem was

offeree by Cunsolo 1 7 in the applicatlin of only the Prandtl-Meyer relations

to a series of constant section channels joined by the easily-computed

Prandtl-Meyer streamlines. The construction difficulties of the oscil-

lating centerline, as well as the viscous effects and over-all length require.

ments appear severe, although the simple coordinate specifications remain

inviting.

The practical requirements involved in nozzle handling and time delays

during test periods have brought forth several methods which permit a

quick change from one design Mach number to another. Evvard and

WADC TR 54-279 10



Wyatt 8 comb:aed a flat plate, which ruLALcd alfbou: G.c cnd Ioc-atcd V. 9I.P

throat, with an opposing Frandtl-Meyer streamline making it possible to

,iary the Mach number at will. The resulting configuration suffers from

the sharp-corner effect and 's asymmetrical. A sonic-line assumption is

implicit.

Symmetry may be retained with a completely flexible contour which has

been constructed with jack-supported stainless-steel sheets. The final

contour may be adjusted advantageously during calibration, bt t suitable

family of contours should be provided for the most judicious use of the

Jack positions. An incompatibility between the aerodynamic and structural

requirements is introduced if a point of discontinuous curvature exists at

the inflection point. rhis has led the way to the deelopment of continuous

curvature nozzles 1 9 ' 20, 21 which, as will be shown later, are necessarily

of longer length. To circumvent this, Dhawan 2 2 proposed the use of a con-

centrated moment applied to the sheet at the inflection point, which implies

a fixed length from the inflection point to the exit plane for all design con-

ditions.

A variable Mach-number nozzle with a distinct design procedure is an

outgrowth of original suggestions by Silverstein of the NACA. He recom-

mended employing a movable plug in the minimum section to exercise

control over the throat height. The wake and disturbances from the

trailing edge of the plug were not easily corrected with this arrangement.

Allen2 3 later suggested the use of an asymmetrical configuration of the
24same type. Design procedures are given by Syvertson and Savin, and

Burbank and Byrne 2 5 for uwiifo .m flow at twn Mach numbers. The vari-
ation in test Mach number is obtained by sliding one block relative to the

other; thus the use of the complete range of values between the design con-

ditions is possible. To obtain the flow pc.ttern, the usual niethod of char-

acteristics is employed and portions of one contour that are unnecessarY

for one design situation, are used to produce unli .rm flow at the other

design condition. At Mach numbers above approximately 3, the method

requires the averaging of several contours so that an *exact" design con-

dition is violater

Axisymrmetrical nozzles may be designed by a mbdification of the

11 WADC TR 54-2?9



Foelsch procedure z 6 and by the Friedrichs method. 6 , 7 In small sizes

this type of nozzle n.ay be easy to fabricate, but suffers from being un-

suitable for schlieren observation. More important, errors in design or

fabrication introduce disturbances which tend to focus on thc nozz!e Axis.

True three-dimensional nozzles may be developed by transformation

methods applied to known axisymmetric contours. 2 7 The throat retains a

circular section while the exit plane may have an arbitrary shape. Con-

struction problems appear great; however, the convenient circulur throat

is an advantage for high Mach-number designs.

WADC TR 54-279 12
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SECTION 4

The Friedrichs method 6 a 7 offers a completey analytic approach to the

problem of supersonic nozzle design. The procedure originated from a

study of nozzles for. rocket motors for which high efficincy in combination

with short length was desirable. In detail, the analysis was thus confined

to the axially symmetric case. Subseqxlently, Nilson 9 adapted the method

to a two-dimensional configuration.

Assuming a somewhat arbitrary velocity distribution along the axis, a

series solution may be employed to express the pertinent properties in the

flow field adjacent to the axis. The solution is valid in both the subsonic

and supersonic portions of the field, and no assumptions need be made with

respect to the disposition of the sonic line. Characteristic lines of the

field may be computcd by a numerical integration process. and downstream

from one of these the flow may be made uniform by a simple mass-flow

criterion for the simple-wave region streamlines.

Only a few terms of the series solution are retai d in practice. By

examining the series, it is possible to estimate the magnitude of the errors

introduced by the discarded terms. Comparatively, the check calculation

required in the method of characteristics involves a repetition of the com-

putations with a finer mesh size.

A review of the Friedrichs analysis rn;y be found in several
sources. 67,8,9,28 In addition. Littpm-r;a 2 9 has recently completed an

analysis which introduces the curvature c* the reference axis as a par-

arneter and thereby permits the Jesign of afty'.metric nozzles. The

present section will, therefore, be confint.d to a discussion ,f the method

and a presentation of the relations required for the computational process.

In part, these represent forms found useful in the application of the pro-

cedure to the nozzles of the NSL. Further details of the derivation are

provided in Appendix I.

4.1 Nozzle-GeneratingFuaction

Consideration iv to be given to the necessary correction to a one-
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dimensional potential flow to account for the two-dimensional effect intro-

duced by the use of t finite length. The correction is based upon a power-

series expansion of which the lowest order terms are, in fact, applicablie

to the eo-called "hydraulic approximatinn. 0'

Suppose that the normalized lateral dimension of a "one-dimensional"

channel (i.e., either the radius or semi-height in unitb of the throat

height) is a known function of the distance along the channel, and is denoted

by h(x). Then the axial Mach-number distribution is completely specified

for any polytropic process by

hP*V I 1 2 l(1+ (4:01)
P V IdI

or, with the ratio of specific heats, y, taken equal to 1.40
3

(jai +5) (4:02)
216M

When the total pressure and total temperature are specified, all of the

gas properties are known throughout the nozzle. On physical grounds,

there are two objections to a design based on Eq.(4:01). There are the

mechanical difficulties involved in the storage and handling of the ex-

cessively long nozzle, as well as the entrenchmeat of a rather larg. Yis-

cous layer for the same reason.

Instead, let h(x, y) be the actual dirtribution of a lateral dimension in

a two-dimensional or axially symmetric nozzle in analogy to (x); we will

refer to h(x, y) as the "nozzle-generating function." Jince this is ef-

fectively the same process as specifying the velocity distribution along

the axis, qtx), the murface of the nozzle will be a stream surface cor-

responding to either j(x) or h(x, y), Let tj denote the bti amline coordi-

nate and 4 the orthogonal equipotential surfaces such that x a 4 when
n - 0. Now since h(Q, n) represents a correction to h(x) n Rq), it is

reasonable to assume
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For a straight nozzle centerline it is clear from symmetry that the coef-

ficients ai vanish for i odd and a0  1. Similar series may be assumed

for the velocity, q, its inclination,6, with rtspcct to the axis, and the con-

tour coordinates, (x, y). From symrretry considerations, it can be seen

that such series involve only even powers of -q for q and x, and only odd

powers of ni for 0 and y. It proves con-enient to identify all coefficients

in the computational process with the parameter g.

Certain restrictions exist in the choice of R(9). Since the origin of the

coordinates in the (g, TI) plane is taken at the intersection of the sonic line

with the i1 = 0 axis, it follows from Eq. (4:02) that h(0) = I. In addition,

from the physical interpretation of h as an area ratio, it is seen that h(0)

must be a relative minimum of K(g). Howevez, a more severe restriction

than this is required. Friedrichs 6 asserts that j(x) must be a smooth and

analytic function; that is, q(x) must be expandable in a Taylor's series over

the entire length of the nozzle. This is equivalent to requiring the limit

lim (d)/(dt) (4:04)
g-O (V' -1)

to exist. The expansion of KM ) in a Taylor's series about the origin must

therefore be of the form

( ) - 1 I k41 + higher order terms (k > 0) (4:05)

These statements are equivalent and ensure a unique solution to the prob-

lem. Eq. (4:05) shows that a choice of h(4) which satisfies the uniqueness

condition also satisfies the physical requirements at the throat, i.:,,

1(0) 1

d'(0) 0 (4:06)

d2 K(0) > o
17 WADC TR M4-27-p



The requirement that the exhaust flow be tutiform implies that the

function h(g) must be constant for 9 > 9d' the subscript ( )d referring to

the design value at w'ich the desired Mtuch zmumib r is -cached first. Hencc,

nn single continuous function cun result in a finite nozzle, for, as will be

shown :ater, the coordinates depend upon the continuity of h and all its de-

rivatives. Since the series will be cut off after a few terms, say n, the

approximation depends upon continuous derivatives of the (n - 2) order.

It is possible then, in principle, to evolve a nozzle whose coordinates

may be found approximately over its entire length by means of a single

computational technique. A more attractive alternative possibility' con-

sists of choosing an K(g) which is asymptotic in nature and allows the flow
to become nearly uniform within a finite length. Such a choice will be con-

sidered later.

To avoid the asymptotic approach to uniform flow, one may make use

of the properties of real characteristics. The function R(g) is used to de-

fine a flow upstream of the design characteristic line (PI in Fig. i), which

passes through the point (P) on the q1 = 0 axis at which M = Md. The down-

stream flow field may then be patched along the characteristic in such a

way that the flow properties, but not necessarily their derivatives, are

continuous across the cut.

This is accomplished by noting that the region PIQ (Fig. 1) is a simple

wave region. Consequently, the characteristics (e.g., ab) are straight

Mach lines and so have constant flow properties along their entire length.

Equating the mass flow across la to that across ab establishes the length

ab.

As presently outlined, the method applies to either axially symmetric

or two- limensional gcometries. However, there seems to be no real

restriction placed upon the cross section, if the added complexity is of no

consequence. For geometrically similar sections (e.g., elliptic), it would

appear that the above procedure could be generalized to include tbe ad-

ditional effect. In the latter cases, the coordinate system norral to the

flow should be chosen so that one of the coordinate surf.,es has the same

shape as the desired nozzle crcs-section.

4.2 Design Equations

In carrying out the design computations it is convenient to consider
WADC TP. 54-279 18



three major divisions of effort:

1. The contour upstream of the inflection point, I.

2. The design characteristic, P1.

3. The simple wave-region cortour, IQ.

Upstream of the inflection point the flow propertles are assumed in the

series form:

x = 4 + xZ(g)h' + x4( q)i 4 + .... (4:07)

y = v4(9 + Y3()n 3 + yS(M)TI + .... (4:08)

3

0= 01(9)' + 03()'n + O( )vi + .... (4:09)

= I + 62(g) z + 64 )V14 + .... (4:10)

and the analysis indicated in Appendix I yields the following values for

the coefficients xl, yl, Oi , and 6, the primes being used to denote deriva-

tives with respect to . For the axially symmetric case:

y = h

-X -=a + ?,+( I +(V - 1)K1" 4:11)

0 = [

62 -'

and for the two-dimensional case (to a higher or.er of approximation):

X4 + (y ._4 7 W'." + (4:12)
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With the aid of Eqs. (4:07) through (4:15) the hlow properties of interest to

the designer are defined upstream of the design characteristic, PI (Fig. 1),

and in particular along the design streamline ? = ?1d = consta'. In order

to compute the contour iP, it is first necessary to find the coordinatc3 and

properties along the design characteristic. As shown in Appendix I, the

slope of the characteristic in the (t, Ii) plane i of the form

dy= F(Q) + G(g) 1
2 + H()T 1" + .... (4:16)dt

where

F(h) I) W

H =t) [Fi~'l 62(l + 3y - 2x,1) - 64] - S -

yi

~' j~ L(4:17)

-XI Zxg( + Ga') yj)3y 22j

+ -Iy3 -201)}I+: I6 2 g09) -fAM) (X2' + 0 1Ya

+ x4' + 01 Y3' + y', (83 +A !

and

Numerical integration of Eq. (4:16) starting at th point (;,, q) (d' 0)

(i.e., point P), determines the coordinates {g,,!) o! the design char-

actaristic. The Runge-K.Atta method30 is conven4ent for this procedure.

On this basis the fourth order approximation to Ai for a given increment

Ag is
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-j

A 1 =(KI + ZKz + 2K3 +K 4 ) (48)

where

K1 = [-) + G(4)712 + H(4)rI4] At

(4.19)K3=F + +jl2 + + H t+ T

K+ A [F 9~) +G(+A ~+ K 3 ) 2 + H( +A g) (,q4- K3 ) 4] At

Upon extension of the characteristic coordinates to a point at which > 1d

the coordinate pairs (g, ii) may be substituted into Eqs. (4:07) through

(4: 10) to find the associated properties.

The coordinates of the contour segment IQ follow finally from

(,Id - 1la) cos (Oa + aa)
xb = 2Ca

(y+l)/2(y-l)

(4:20)

+ ('d - 1a) sin (0a + aa)yb=Ya + -

+y+ )/Z{y-l)

Points a and b refer to the end points of the straight characteristics in the

simple wave region PIQ (Fig. 1). The Mach number referenced to the

speed of sound at the throat i found from

M * Ma*I'- 262TI +(264 + (4: V

whe re
wr 2 ,(4:22)
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and the Mach angle, o, is given by

= sn~(1) = I IO-' - 1 1 (4:23)

4. 3 Basis For Tabulated Functions

The nozzle generating function used in the design of the nozzles for

the Naval Supersonic Laboratory is

I + (4:24)

All derivatives of h greater than the second order thereby vanish,

which simplifies the computations and reduces the effort required

to establish specific coefficients for the higher-order terms in Eqs.

(4:07) through (4:10).

For convenience introduce the abbreviations:

A -

B (_ "y 4 - [Z +1

(4:25)

L = 3ys -2xpe

The corresponding derivatives are fotud to be

A = D(A t 1) 01
ya

B = A'[2y(A+ 1)-1] (4:26)

C 2 (y+ 1) A (A-
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and
DA

Now, assuming the nozzle generating function given by Eq. (4:24),

and usi:&g the above notation, the coefficients x i , Yi, etc., reduce to:

XI = - j 1,1

4= X2Y + 4A) + a](4:27)

y= 1 + g2 (4:28)

Y3= L [yi (A - 2) + 2]

Yi [7222{s 5 Yl -ZA + 'S(I2C)] + '1 A+3( -0 6

0 =g

03 = ! OlyiC (4:29)

0, .0yZ A + 3 B + D(A+ 1)(V[A + 1] + +016 4 (A4 1)(D + I)

+ Ayy641

(4: 30)

64 = y= y s(A + C + z)- zC + (yzi (2D) (C + 1) A - 1)]

Similarly, Eqs. (4:17) become

F(W) =- (ysAl-

c,(4) = C--+-=

2A (4:31)

H(g)= FM , + G1Y3' E(E +2 - y) + 4 0 .x4 -5

ID TY4

-D(A + 1) [.k+ 12 {+ (A +1) [4(y -1) -D~jJ
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Some dcrivativc, rcquired above %re given by

31 =y., + v [01(A- Z) + yA]

X4 1 = 14-(2 - 3ya)+ 53 6 .( + 4A) +y 1 (AB'BA' + 4A!)
(4 : 

X A

= 0164 + Y, 01[(A +C 4- 2 + 2D{C +.1) (A-(:2641 A---
+ 2(yz - 1) '(A- 1) + A'(C + 1) + {(C + 1) (A - ( AD -DAI

+ 3yjA + C(3yj -2.

Eqs. (4:27) through (4:32) have been evaluated and appear as Tables

3,4, and 5. The mechanics of nozzle design are considerably reduced
with the aid of these tables. The coordinates for the contour upstream

of thc inflection point are now given by the simple operations indicated

in Eqs. (4:07) and (4:08) with q1 = 1d. Although a numerical integration

is still necessary to establish the design characteristic line, the Ki of
Eq. (4:19) are obtained easily using Table 4. Finally, the parameters

required by Eq. (4:20) for the downstream contour may be found by ap-

plication of Eqs. (4:07) through (4"09).

Fig. 2 illustrates a few of the resulting itreamlines and backward
running characteristics of the field. The coordinates for these lines are

listed in Tables I and 2 and have been used for nozzles now in operation

at this Laboratoy after applying a correction for viscous effects. Complete

potential-flow nozzle contours are shown in Fig. 3, and the corresponding

coordinates are listed in Table I.

Figs. 4 through 8 illustrate the relative magnitude of co"ntribution for

each term in the assumed power-series forms • 'I.'. y, 0, q/i. and dqj/dt.

Successive coefficients are plotted at reduced oide s of magnitud,- to aid

See Index To Tables, page 165. Note that coordinate upstream of in-
flection point are hpplicable for any Md.
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the visual interpretation; for example, in Fig. 4 there appears x 0 (=),

0.01x z, and 0.0001 x 4 corresponding to i = 0. 1. Although the third

term in the series appears to increase rapidly as 4 increases, it s).Ould

be uoted that the design characteristic olants back sharply at high Mach

numbers. Therefore, in practice, i - 0 as 4 increases and the relative

magnitudes in the vicinity of 4 = 3 must be considered with this in mind.

Even for Md = 3. 5, the design characteristic intersects the contour

(1 = 1d) as far upstream as 4 =1.0 (see Fig. 11).

The series do appear to converge rapidly. Further remarks on the

regions of convergence are made in the next section.

4.4 Contour Slope and Curvature

A fundamental check on the accuracy of the computations can be made
by comparison of the analytically derived slope and the same quantity ob-

tained by means of finite differences from the final (x, y) values. Certainly

one must insure before fabrication, that the continuity and smoothness of

the design curve is equal to or better than the available machining toler-

ances. Therefore, it is necessary to compute the first and second deriva-

tive variations along the contour and make use of this information in the

final design specifications.

Upstream of the inflection point these derivatives are given by

= tan 0 (4:33)

d2 y dG (4:34)

dx' coos 0

Ii whbirh i it, asnurnd constant. Here

a- (01 n + 0,'n3 + 0 ,t'i) ,

and for the assumed h (Eq. (4:24)):
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C (y + I)A + D (4:39)

D" (L-I) (2A!2 AA)\A3

Making use off Table 5, the quantities de/dx and dO/dx may be determined

rapidly and the desired derivatives follow from Eqs. (1:33) and (4:34).

Downstream of the inflection point it is necessary to interpret the

streamline derivatives in terms of properties along the design character-

istic. In this case

()b tan b- tan 0 a (4:40)

I dSO a d (4:41)

where 0a is already known from prior needs. Dropping the subscript "ap

for convenience and using subscripts to denote partial integration:

ex +Oyy x  (011%x+ Ogx) +(Oq7y + 6y) [tan(0- a)) (4:42)

in which

0 01 ' + O'rY + Otq s

(4:43)
01 = t + 30s11s + 59sT14

and

(4:44)

J3= Jacobianu (x~y,, - x y

The variation of the x coordinate on the contour with the corresponding x

coordinate on th design characteristic is given by
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dx (Yb -YI ) d(19 a ) + coo ( + a)) dT"

wherein

da + I dM

d'x M 3 bin Za

(q/r + M tan(0 - + [(q/q). + (q/j)y tan (s-o0}

d 125(qd -rj ,~*d
dT 6M I (125) 6 2 n - 6 (TdTO M* dfl7UTd (I6 ) 4 (4:46)

and

=- +I T tan (0 a)

With the choice of Eq. (4:24) there results:

: yA/: (4:47)

My

A few of the plots obtained fron, Eqs. (4:33), (4:34), (4:40). and

(4:41), ai.d Tables I and 2 are illustrated in Figs. 9 and 10. Their specific

utility in discussed in a later section.

4. 5 Limit Values for 4 = 0

When 4 - 0, some of the above-mentioned relations fail in machine

computation and it is necessary to resort to a limiting pr( :ess. This in-

troduces no difficulty in practice since only a finite number of coordinates

need be specified. For completeness, however, we include here some of

the results following fror repeated application of L Hospital's Rule:
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lim (1/)4-5/

lir d 6 15
,-0 d4

lir d9 2/3
-0 d9z

lir - -X4i-0

lia 0, (4/5)5/

lir - (608/375),r5/
4 - 0

lim Y' s 6/Z5

lir 64 = 133/90

4.6 Scale Factors

The final coordinates may be scaled up or down to match the iteeds of
a given tunnel crose.s'ction. However, the ratio of the test semi-!%eight,

hT. to the length (I or 1) is dependent upon the initial choice for the de-

sign @treamline, qd' Some freedom exists in tht ratio (hT/L) in that a

departure from the subsonic contour at a point far from the throat is not

serious. In the supersonic regime, however, the ratio (hT/1) is fixed by
h and 'Id' unles, one is willingto forego the aft part of the test rhombus,

as in the case of high Mach number nozzles.
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Assuming that the design streamline is to be extended to the

entrance iane of ts' nozmle and that the full teml rhombus height is

desirable, it is neccessary to start the design with a suitable deo-

termiation of 11d. The coordinates of point Q (Fig. 1) are given by

Eqs. (4:20) as

(Ma + 5) d
XQ d + 216 Yd

(4.48)

(Ma + 5)
YQ = .1d

Zl6 Md

and the scale factor, F, is, therefore, given by

h T

YQ

Thus, the entrance semi-height is

-hEYQ

YE-. hT

and application of Eq. (4:08) to first order determines an approximation to

4E" A few trials near the latter 4E value yield Ptn exact result. Eq. (4:07)

supplies the xE values and finally the over-all length is

-- (P) (x - XE)

Usually two or three trials will suffice to determine a proper value for

11d. W~ten this is obtained, a check on its utility from the convergence

viewpoint is required before proceeding. Am discussed in the following

section, Fig. I I illustrates the useful design ranges tor he nozzle-gener-

ating function given by Eq. (4:24).
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SECTION 5

CONVERGENCE

The discussion of the Friedrichs method contains within it the implicit

assumption that the assumed series are convergent. The benefits of the

analytic procedure are obvious, but wotdd, of course, be negated by a need

for an excessive number of such terms in the case of slow convergence.

Moreover, it is to be expected that at a sufficient distance from the nozzle

axis the method will fail. Physically, the implication is that minimum

lengths are associated with each exit flow.

A consideration of the general term in the assumed velocity series is

shown below to lead to a criterion for the maximum allowable departure

from the nozzle centerline in the choice of 'd"

In Appendix I, Eqs. (1:08), it is shown that

8/ - h ).0 6 0

ii- 1 (5: 01)
-a8h

when = 2. Solving for the 0 derivatives and cross differentiating to

eliminate 0 yields

(5:02)

Now consider the series repre,entations

qI + 6+ z + 641 4 + . .... 6 ,an+ ....

q (5:03)

-- I + as' + a4 ? 4 + .. a ;,111+ ..
q~anq an ' "

There is always the possibility that too sharp an erpansion angle
will induce flow separation due to viscous effects. The concen at this
point is primaril/ with a breakdown in the mathemat'cal treatment.
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and

h . 1'2  + O414 + ..... + n zn +

(5:04)

1 +banz +b 4 1
4 + .... .+b 79'n +

In

where the coefficients of the reciprocal series are related by

a n = -(a znz6) -(a n-464)...... -(a 6n-z -(6 a)

(5:05)

bn = - (bzn -z 0) - (bzn_4 a4 ) -..... -(b aan-z - (an)

Substituting these values into Eq. (5:02) and equating common powers

of ,1 results in

a? =- h= 62  (5:06)

and

r -d(a hi) d(a h)1+d + .....h) + 62 ng +

(5:07)

(2n + 1)(2n+Z)(a n+)+(Znan b )+ ..... + abn ]

The latter equation may be rearranged to the form

a+ 2n a ba + (Zn - 2) a b4 + ... + 2a Zn "I,n , a 2n + 2 (Zn 7-7 t(2n + Z)

(5:08)

d (a) d(a d(a )

which yields a recursion relativn between a and the ai, bi, ai where

i < Zn. Since a and b are related to 6 and a through Eq. (5:05).
an -fl Zn a n

it remaine to relate u and 6 a The required correspondence can be de-
termined from the definition

WADC TR 54-279 42



+ (q/(5:09)

When 0 ( i j)i [_(q/j),] <1

the right-hand side of Eq. (5:09) may be expanded as a binomial series.

Using the abbreviatieon I - (q/ ) =,

h a= zn1 n

n

{,n][ {[n + ] (5:10)an ~n: Z "nn! n 1 n

[2y- Illy}]

where

-z zn a an n f+2
26 -1 ~(26 + 26 62+.. + 26 6~ & tn

n=1

and 6 =0 for n odd.n

Therefore, each a can be computed; the first few are
an

"z:(M' _ 1) az

, 4( -1) 64 + [ riz(ii -1) + 1

6 = -1) 66 + [ + (y- 1) KI 626 4 -. [rl (y + 1) . +1]

and the corresponding coefficients in the recip:.' series are

b 2 :( M -1) 62

b4 -- --1) 6. -, 'r 1--)PI + 3 6&A

b 6  -(M2 - 1) 66 -(y 1. 1)"1'6264 1 .[y+ )Z'6-i +81aA - 2]6 3
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define useful regions adjacent to the nozzle centerline.

The error introduced by employing a inite series for Eq. (5:03d) ,say

be estimated by a consideration of the magnitude of the first neglected

higher order term. For example, the recent design .rocedure at this

Laboratory has included terms up to 9l5 and so (6 6q6)A q/q) is a measure of

the approximation. In Fig. 11 are shown the loni4 of constant values for

that expression from 0.001 to 0.03 in the (4, I) plane. Centerline Macb

numbers are indicated in a distorted scale. The inflection point locations

for this Laboratory's nozzles have been included in the figure and are ex-

plained in the legend. The extreme design characteristics are also drawn.

It can be seen that the critical position is at the inflection point, which

is also apparent from a consideration of the form of the velocity series.

In ali cases, the constructed nozzles lie below the 0.1% velocity error line

at the inflection point. The decreasing slope of the design characteristic

with increasing Md is the major factor which permits the use of relatively

short nozzles. Calibration measurements made within the test rhombus,

centerelI on the exit plane, indicate that the (66,ng)Aq/q) = 0.001 line in

Fig. 1 I is a suitable guide for use in selecting a maximum 11d.

The above manipulation for the two-dimensional estimate involves the
removal of 0 by formally differentiating the series; whereas Nilson8 uses

algebraic substitution. However, since the uniqueness condition on h is

assumed to be satisfied, the resulting coefficients of qa shoule ,e identical.

Moreover, Eq. (5:13) reduces identically tu that given by Eq. (4:14), so that

the formal differentiation seems to be valid. After determining the 6

the 6n follow from Eq.(5:01) and (x,y) from Eqs.(I:07)(withC = 2). Thezn+ a
region of convergence for 0 is determined by the q convergence which has

a smaller convergence region than that for the binomial expansion of h.

Thus. the (x. y) convergence may be deferred to the q convergence.

In the case of the axially symmetric nozzle the convergence was

briefly investigated7 and the results indicate that cor a M = 1.79 exhaust

flow the '1d streamline should be no greater than 0.S. A plot of te atream-

lines and characteristics is given by Friedrichs 7 and It is shown that the

flow field folds c er itself at a sufficient distance from the axis; that is,

the characteristics of the same family (upstream rt.,ining) interset. This
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is due to the fact that in the vicinity of the design characteristic the flow

takes place at i decreasing Mach number as il increases. The slope of

the backward running characteristics are, therefore, increasing also, but

at a slower rate as one proceeds upstream. Eventually they intersect.

As the design Mach number increases, the length of tbe design-character-

istic line increases, and the change in slope is relatively greater compared

to the characteristics in the simple wave region. It would appear, there-

fore, that the streamline values, 'nd' must be of the same order of magni-

tude in this type of nozzle as in the two-dimensional case.

In general, both types of geometries indicate that the region of con-

vergence decreases with increasing Mach number when the nozzle-

generating function is a non-decreasing function of .

A further result of the finite approximation is found when comparison

is made between the slopes at opposite ends of the characteristic ab (Fig. 1).

Since this characteristic lies in a simple wave region, the indicated slopes

should be equal; in fact the slope is that of the constant velocity vector

associated with ab. Any discrepancy is an indication of the computational

and method accuracy. When the coordinates along IQ are differentiated

numerically, (i.e., Ay/Ax) the result is found to be consistently higher

than predicted by the simple wave theory. There appear to be four princi-

pal sources of possible error, which lead to a maximum error at the in-

flection point on the contour:

1. Failure of the finite polynomial F + Gq2 + H1
4 to represent exactly

the slope of design characteristic in the (4,,q) system;

2. Inaccuracies in the nu-nerical procedure of integration (round.off

error, etc.);

3. Failure of the finite polynomial representation for 6; and

4. Errors in the nmnerical differentiation of the contour.

Items I and 2, if applicable, imply that the ";omputed design charac-

teristic, is rnot the "true" characteristic sought. I' that event, the slopes

in 4uestion would disagre even with no contributions from Itenis 3 and 4.

Reducing the interval of integration (i.e., At) in the numerical integration

computation tenas to rotate the line in the clockwise sense and reduces the

numerical error per step. However, the cumulative error remains
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dependent upon the over-all length of the integration. A dccrease in the

interval 4 dcos reduce the source of error from IRem 4.

In practice, intervals of t = - 0.005 have been employed in r,.cent

nozzle designs and represent a compromise between extreme accuracy

and increased labor. The finite approximation has been improved over

that given by Nilson8 by inclusion of up to the 5th powc, of q terms as

given in Section 4.

As a result of these improvements, a slope discrepancy of 8 percent

in the Mi = 3.0 nozzle was, reduced to 2 percent in the Md = 3.5 design.

Considering the longer length of integration involved in the latter design

characteristic, this is an impressive reduction. It can be concluded,

therefore, that the principal source of error is due to the finite approxi-

mation. Experimental data indicates that the remaining inaccuracy in-

fluences the flow pattern in a way comparable to that of the boundary

layer.

One additional remark is in order with respect to the upstream ex-

tension of the contour in the subsonic region. The slope of the wall

streamline is

d -~ O Y d +Y 3'-+ d + Y+STI

1 d + X4 ld

and so is infinite for those values of 4 which are -oots of the denominator.

Assuming h = 1 + 42 these roots may be shown to correspond to local

Mach numbers less than 0.1 and semi-heights, (y), greater than 6 throat

semi-h-iights for 71d < 0. 2. Unless the entrance -piane height to the nozzle

is radically different from present-day practice, such results should intro-

duce no difficulty. In any event, the extension of the subsonic contour

where M --0 need only be smooth and non-decreasing. .'epartures from

the design curve for M< 0.3 should have little effect on the ohape of the

sonic line.

A two-dimensional subsonic-contraction design is ou"ined it

Appendix II.
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SECTION 6

CONTINUOUS CURVATURE NOZZLES

Due to the specific choice of nozzle-generating function, a curvature

discontinuity occurs at the inflection point of all the nozzles currently in

use at the NSL. On the basis of the calibration results, this is not a seri-

ous i v-striction for fixed block nozzles. Moreover, the now-available ex-

perimental data relating to the viscous parameters, which occur on the

above basis, should be of value to similar applications in the future.

However, there remain several reasons for further interest in

achieving a continuous curvature contour. These include: possible diffi-

culty in the fabrication of a sharp discontinuity; the influence on boundary-

layer growth; and the incompatibility with the structural aspects of flexible

nozzles.

As presently applied, flexible nozzles employ a discrete number of

jack points to bend the plate which serves as the nozzle contour. The jacks

give rise to a discontiniinus shear distribution and a continuous bending-

moment distribution. Under conditions which are usually satisfied, the

theories of structural mechanics show that the bending moment is propor-

tiv-jal to the curvature. Generally, supersonic nozzles do have a discon-

tinuity in curvature in disagreement with the last statement. It is clear

then that special methods should be devised to satisfy the bending-moment

requirements, although a more precise approach would include third-

derivative changes correspording to the jack locations. It should be borne

in mind that this type of contour is rarely designed accurately, due to the

adjustment which is possible during calibrabon tests.

Several generating functions which may be used with the Friedrichs

method are considered in the remainder of this sectior.

6. 1 General Requirements

Through the function h there is a correspondence between each point

on the nozzle a :is (i, z 0, d 1 1 0) and a point on the contour. Two such

points of particular importance are the characterisetic and inflection loca-
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tions. ,The former is located at the intersection of the contour with the

backward-faing desib. characteristic on which Lhc cxhauct Mach number

is first attained. The iatter is the intersection of the contour with a

similar characteristic originating on the qj = 0 axis at the point where

hU 0. In general, these two points are not coincident, but if the Mach

number increases uniformly from unity at the throat to its design value

(along some streamline), then it can be shown that the inflection point

must be upstream of the characteristic point 1 9 ' 2,. The exception to

the latter statement occurs when the streamline curvature has a discon-

tinuity, in which case the two points coalesce.

At (ij, F) = (0, gd 9 the simple wave region (Fig. 1) shrinks to a point.

Hence, at this position the discontinuities occur one derivative lower in

order than the rest of the field. For the particular generating function

discussed earlier, the complete specification is

h=l+ 2  ( d)
(6:01)

=I+ 4d a  (4; 30 d)

In this case, the h function is continuous and smoothly increasing up to the

point = Pd' at which there is a discontinuity in the first derivative,

h(9d). It may be inferred, therefore, that in the region ti j 0 the stream-

lines are continuous and have continuous first derivatives; however, they

do exhibit second-derivative discontinuities across both the design and

downstream-facing characteristics through (0, d) . Therefore, the inflec-

tion and characteristic points coincide fo'- Eq. (6:01) and the contour has

a disconti.,uity in curvatdre.

For a generating function with a continuous first derivative every-

where, thu streamlines will have continuous derivatives of the second

order. The discontinuity is then relegated to the rate of change of curva-

ture and is again propagated along the aforesaid charactvt.' .,tics.

In the generating functions to be discussed below, the usual conditions

for uniqueness will be satisfied:
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[~'( ~ + +ag + *.(a > 0)

as well as the additional stipulatonA:

h ( d) -0

(6:02)

0

The last equation serves as a definition of the inflection point, tl, while

the prior relation ensures the desired continuity. From the earlier re-

marks: 9I< 9d' Finally, the functions will be restricted such, that
K'(4) > 0 for 4 < 9d"

6. 2 Finite Polynomials

An extension of the earlier form of the generating function to a higher-

order polynomial introduces a family of continuous curvature nozzles. For

example, consider the relation

h(g) = I + ag -b 3 - c4 4  (6:03)

where a > 0 and the constants b and c are to be determined from the

assumed conditions. Then

a/b a/c)

(6:04)

\a/S a/c/

With the notation A = (gd/9i) • 1, the constants may be written in the

forrr-

(a/b) 2= - 9d a - 3

(6:05)
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The length of the nozzle may be adjusted by the scale factor na". A use-

ful form for Eq. (6:03) is now

hd I A + 6A- 12] (6:06)d 4d L ( P

Denoting' the bracket on the right-hand side by K(A). it is seen that K > 0

for hd > 1. Consideration of the zeros and poles of K shows that the use-

ful range for A is (3 + )• A> (3/2), if it is required that h d be non-

decreasing. The larger A value corresponds to an infinitely long nozzle

and as A - (3/2) the length decreases ("all held constant). In Fig. IZa

K(A) is shown for a part of the useful region and the signs of b and c are

indicated. Note that each point on the curve represents a family of con-

tours whose length depends upon "a".

The design 4d is now a function of both exhaust Mach number and A as

given by Eq. (6:06). Fig. lb illustrates the dependence on A with Md as a

parameter. The influence of the scale factor (a) is shown in Fig. 13a for

the particular case of c = 0, corresponding to A = 2. Comparison is made

with Eq. (6:01) for a noz-le design with Mach number 3 exhaust flow. The

b 0 , with A = 4731, is similar, but results in shorter lengths for equal

"a" values. In practice, the curves would, of course, continue as hori-

zontal lines at their peak levels where q = 4d". Equal values for "a" are

seen to yield very appreciable increases in length for the continuous as

compared to the discontinuous h types. Equivalent lengths here correspond

to a = 3 and 2 in the c = 0 and b = 0 cases, respectively. Increasing ma"

by a factor of approximately four decreases the distance to the start of the

test rhombus by about one half; the inV.uence on the pressure gradient is

apparent.

The curves in Fig. 13b show the effect of changes in A over the range

I to 2. As mentioned earlier, the length decrctses as A -3/2. Two ad-

ditional (dashed line) curves illustrate the h> Ed distr'butions which re-

sult for 1.28 > A> 1;' the implication is that the flow attains a M > Md and

recompresses to the design valu.. Centerline Mach-number distributions

for the illustrated cases of Fig. 13 are shown in Fig. 14.
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6. 3 Trigonometric Functions

Employment of trigonometric functions for h is a simplification in

that the derivatives are repetitive in nature up to a constant. An oXample

is

h() = 1 +b sin, - :1+[l-co(r-)] (6:07)

in which b = h(gd) - 1. Here the Mach number is fixed by Ob" and 9d

serves as a scale factor. The uniqueness condition and Eqs.(6:02) are

clearly satisfied. A comparison is made in Fig. 15 between the centerline

Mach-number distributions for the polynomial and trigonometric -gener-

ating functions, and the differences can be seen to be small.

The radius of curvature at the throat may be approximated by

R (6:08)h ?1d

so that

~trig. =
w h(d) 11 ld (6:09)

R1 poly.

Hence the ratio of the radii of curvature is

Rt* _ 4a 14d)2trig.

R poly l(A _-

and for the same nozzle lengths (specifically a = 1, 3.02) for

Md = 3.

R tri'. V 1.14for c = 0, b = 0.214

R poly. 0.80 for c x 1.61.b a - 4.35
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Again there appears to be no real choice between the two functions, but

it is evident that thn polynomial yields more freedom of control with

regard to the shape of the contour.

It should be noted that the nozzle-generating function givcn by Eq.

(6:07) cannot be extended upstream of - (9d), since the per'odicity of the

function becomes important. Similarly the subsonic contour for the con-

tinuous 'curvature polynomial should be cut off for

3b + - l

6.4 Asymptotic Functions

Still another type of continuous curvature h can be constructed and is

of especial interest since it produces an asymptotic approach to the de-

sired exhaust flow. One such form is

h 1 a Iog{ + 1 + tan( ) (6:10)

for >- 1, and another

; a + bi(kV (6:11)

where 0 1 (kg) is the first derivative of the error function, and

(MZ + 5)3
a-

Z16 Md

b I -a (6:12)

#1(0} 1.128

Computations based upon Eq. (6: 11) are particulary inple since the
31

derivatives of f.i are tabulated. More important, ht.wever, is that for

this infinite nozzle the entire contour is computed fr.'m the power series.

Of course, some Ma-h-number gradient must be accepted in the desig-

nated model region. From the practical viewpoint, one may choose v:
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region such that the gradient is smaller than accepted standards of flow

quality. Fig. lb illustrates two M - 25 asy-ptotic nozzes and c-.pare

them with the h = I + 42 contour.

6. 5 Minimum Section and Inflection-Point Locatior.s

For flexible nozzles, the axial movement of the m-nimum section

and/or inflection point with changing Md is of concern due to the need for

relatively more jacks near these locations. Holding such points fixed, or

nearly so, minimizes the problems associated with small r,dii of curva-

ture or rapidly changing curvature.

It may be shown that

d T 4Md - I] (6:13)

from the geometry of Fig. 1. Hence, the proper choice of streamline may

be found from the above equation for a given (1/hT) and h. This has been

carried out by way of example for a nozzle-length semi-height ratio of

4.5 for Eq. (6:03) with c = 0. The results are shown in Fig. 17 as a function

of Md with the length parameter 4 > a > 1. Such a plot permits the de-

signer to ensure a fixed throat location by suitably choosing corresponding

"a" and 'nd pairs for each Md.

A considerable amount of computing is required to establish exact

similar curves for the inflection point (due to numerical integrations along

the design characteristic). However, the completed analyses may be used

to approximate the locii of (xIkT) = constant. The dashed lines in Fig. 17

have been estimated for the discontinuous curvature case fron the accumu-

lated computations by Nilson8 and at this Laboratory.
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SECTION 7

VISCOUS EFFECTS

All of the preceding discussion has been postulated on the existence of

an inviscid, thermally non-conducting medium which presumably would be

used for practical Lest purposes. Of course, ro such fluid is available; but
32

the problem is reduced in scope by Prandtl's hypothesis that the shear

layer is confined to a thin layer adjacent to the solid boundaries. In any

event, many important phenomena (e.g., skin-friction drag, separation,

shock boundary-layer interaction, and heat transfer) require viscous fluids

for their study in the wind tunnel. Consequently, the effects of viscosity on

the flow through a nozzle must be taken into consideration.

In this section, the correction methods applied to the NSL nozzles to

account for the 'viscosity of air are briefly reviewed.

7. 1 Basis for Viscous Correction

It is well known that the velocity of moving air vanishes at the boundary

relative to the boundary. As a result, a layer of high shear is present, as

characterized by the familiar velocity profile, and the inviscid design is in

error with respect to: 1) the mass flow through a given nozzle cross-

section. and 2) the imposed boundary condition for wave reflection and can-

cellation. It has been standard practice, generally, to neglect the latter

difficulty and to alter the design to allow the proper mass flow.

From a consideration of the continuity equation, there follows von
33

Karman's displacement thickness, which for compressible flow it

6* 6 1 [l.. ]dy ~.r M I/TO 1 1/21d 7:1

Assuming that the growth of 6 * along the bounda.'es may be computed from

knowledge of the property profiles within the layer, the mass-flow cerrec-

tion implieb that

Y(x)viscous Y(x)inviscid +6 (x) (7:02)
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However, in general, the sidewalls to the nozzle are plane and paral-

Icl surfaccc. Appliction of Eq. (7:02) to th,-rn wntld introduce severe

difficulties into the construction of the test section and the schlieren system.

It has taeen the practice at the NSL to compute an "effective displacement

thickness", 6 eff based upon the semi-perimeter displacement area on

one block and one sidewall. Formally

6* (6 *contour) (tunnel width) + (6 sidewalaverage (Y)7:03)
elf = (tunnel width)

where, for simplicity, (6 * sidewalaverage' is taken to be the average of
the contour and sidewall-centerline displacement thicknesses.

Since 6* = 6 *(x), the aforementioned correction procedure alters the

prescribed slope variation along the contour which was determined on the

basis of uniform exhaust flow. It is by no means obvious that the distor-

tion of the wave-reflection process by the shear layer in combination with

the increment in slope, d6*/dx, should result in uniform flow. However,

experimental evidence indicates that the procedure is reasonable.

A correction based upon the apparent reflection point of the incident34
waves entering the layer has been given by Tucker. However, the neces-

sary expansion of the contour with this method is incompatible with the

mass-flow criterion.

7.2 Computation of Boundary-Layer Growth

The machine computations carried out by Tucker 3 4 '3 have been used

to compute the boundary-layer growth for the NSL nozzles. His analysis

is base,' upon an isoenergetic layer adjoining an insulated boundary, both

of which are reasonable when operating at moderate stagnation tempera-

tures. In addition, it is assumed that the velocity profile is adequately

represented by a power law,

( IIN (7.4)
U.

and that the following empirical skin-friction relation for low speed flow
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is valid:

=0.01310. (N1 (7:05)
p3U4 (RN)1/7

Originally 3 4 it was suggested that wall properties be used as a basis

for the Reynolds number in the skin-friction formula. Later 3 5 an arith-

metic mean temperature of the layer was shown to furnish a much better

correlation of Eq. (7:05) with an extended Frankl-Voishel analysis for

supersonic Mach numbers. It is worthwhile to note that Coles ' 3 6 flat-

plate data is in good agreement with the latter.

Tucker assumes the velocity-pxofile growth is in accord with

N =2.2(RN) 1/4 (7:06)

and it is interesting to note that with heat transfer.37

N- 1. 74(RN) 1/ 1 4 (7:07)

was found experimentally. Since it is convenient to hold N constant during

the incremental computation, a detailedinvestigation of its effect on the

results was considered for the M = 2.5 nozzle. The predicted 6* values

on both the contour and sidewall were found to agree within a few percent

when comparing a varying N result with the value obtained for N a 7

throughout. On this basis, a constant N was assumed in all further compu-

tations. Experinental values for N are listed adjacent to each data point

in Fig. 40 where comparison Is made with theoretical locii for the boundary-

layer parameters 6 /6, 0/6, and 6*10 for N = 7 and 9. Further discus-

sion of the experimental results appears in Section 11.

The starting point for the boundary-layer growth was taken at the

nozzle throat (x a 0) in all instances. For the first noz2ie to which a cor-

rection was added, the throat 6 was based upv" prior measurements on

the M a 2 blocks. Displacement thickness growLh alont the suisonic con-

tour of the latter was -omputed for several valaes of 6 at the entrance

plane and the f *ntance was chosen which yielded the measured 6 e

throat*
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An equivalcnt flat-plate length, with Mentrance flow over it, resulted in

an effective starting point for the reversed procedure for tie Zvi Z 2. 5

nozzle. A satisfactory comparison bttween the computed 6 and thehroatanth
later measured value was realized (Fig. 38b). Subsequent 6 throat aJ-u-np-

tions were based in part upon extrapolation of the available data.

Some typical growth distributions are shown in Figs. 18 'and 19 for

both the contour and sidewall centerline. A comparison with the experi-

mental data (Fig. 39) shows the earlier mentioned underestimation by the

Tucker analysis. Observe that the best agreement is for Md = 2 and that

Tucker's experimental evidence 3 4 , 35 was obtained in a M = 2.1 nozzle.

The sidewall boundr.ry-layer growth is also under estimated by the analy-

sis and probably relates in part to the necessary assumptions for diverg-

ing flow.

A smoothness equal to that of the inviscid design coordinates is re-

quired of the 6* distribution. Although the accuracy of the mass flow

basis and the growth analysis in somewhat doubtful, a sufficient number of

figures are required to meet this condition. Fortunately, the theoretical

waviness distribution is virtually unaffected by the addition of 6* to the in-

viscid contour.

Allowance for expanding the contour must initially be made when

choosing a suitable '1d for the test-section geometry. Estimates of the

effective test-section h:.ghts on the basis of an average &6 /Ax from ex-

perimental data usually suffice fnr this purpose. The remaining differ-

ence, after the computation is completed, has been fitted to the slightly

compressed or extended nozzle (abo't I percent), resulting from the final

scale factor.

7.3 Heat Transfer

The operating conditions of the NSL tunniel normally employ a stagna-

tion temperature of 110 0 F. With a flat-plate recover 7 factor. r, of

O.,81,38 where

rT aw - To  4:8
T -T O

0
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the indicated fdiabatic wall temperatures are very close to room tempera-
ture. The assumptions made by Tucker are, therefore, quite reasonable

for this installation.

In considering higher test Mach numbers, however, it is necessary to
increase the stagnation temperature sufficiently to avoid condensation of
the air components. Recent experiments conducted at the NSL 3 9 indicate

that the pressure gradient has little effect on the recovery factor, and that

0.88 4 r < 0.90 with virtually a Mach number dependence only, The higher
r value applies at M 2_ 3.5. The negligible effect of cooling upon the

growth of 6* is shown in Fig. 38a 3 9 for a boundary layer developing along
the sidewall centerline.
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SECTION 8

FABRICATION

The careful choice of an accurate design method and the oubsequent

consideration given to numerical exactness are of no avail, if the workman-

ship applied to the physical blocks is not comparable in terms of the aero-

dynamics effects. Due to the significant influence of the slope at a point on

the boundary upon the properties of the flow along the characteristic origi-

nating at that location, extreme care is'necessary to prohibit small wave-

length oscillations (waviness) of the contour between any imposed coordinate

tolerances. A simple, but very satisfactory instrument has been employed

to locate such sources of error during construction of the nozzles at this

Laboratory. An analysis relating such waviness to the flow perturbations

is included in Section 9.

The use of a waviness gage is, of course, only one of the steps in the

assembly of the blocks. In this section, a brief resume is given of the

physical characteristics of the nozzles in the procedural order of construc-

tion. Although the methods outlined here are by no means unique, they

should serve to illustrate some items of importance in the over-all design.

8. 1 Template

Experience has shown that the master template for a nozzle represents

the crucial phase of the effort. The utmost care has consequiently been

lavished upon it.

Coordinates are qpecified to the shop for axial intervals of 0.5 in. and

ordinates to the nearest 0.001 i.. Ordinarily, the computedcoordinates are

not conveniently spaced equally in the x direction; in this case large-scaie

plots may then be drawn and the y semi-heights read off at the desired axial

Litervals. Alternatively, if a sufficient number of points are comp-ted,

linear interpolation is possible, taking care that this doe, not violate the r

specification. A balance between the Ax interviaL .nd the y values is neces-

sary to eliminate the introduction of 'steps" in the contour due to rounding-
off of the ordinate figure. The coordinate specifications mentioned above

represent a balar-,e between the available milling-machine settings and a

minimum of reworking for waviness removal.
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The templates are nmachined from either hot- or cold-rolled sheet

steel (1/8-inch thick) with a rough cut to the approximate pattern pre-

ceding the final precision work, due to possible warping of the stock.

Stiffener forms are added during the final rough machinirg process to

prevent lateral flexing, and the surface is finished manually according to

curvature predictions (Fig. 20).

If the length of the chord joining the end points of a circular arc is

denoted by kd, then he rise, hr , is given by

h I+yZ)/ ( + y12)3 + (kd/2)Z(y")Z

r y"

Assuming that for small (kd/1)' the nozzle contour approximates a circu-

lar arc over the span kd, this equation may be used to relate the rise to

the second derivative of the wall, since

hr _ ) Y"

is reasonable in practice, especially in the vicinity of the throat and exit

plane.

Standard forms for computing y" have been given in Section 4, and

kd depends upon the indicating device employed. Fig. 20 shows the wavi-

ness gage (kd = 2.07 in.) used in checking the templates for the

Laboratory's nozzles. It consists of a square base plate with two fixed

legs, a sensing arm midway between the legs, and an aligning surface

which bears upon the side of the template; the sensing arm is part of a

standard displacement gage which reads to 0.0001 inches. With practice,

a skilled workman can remove the majority of the waviness rernaining

after the usual smoothing procedure is completed. Only the gage, a file,

and patience are required.

Typical waviness distributions as measured on templates and nozzle

blocks are illustrated in Fig. 21. The results for the early (chronologi-

cally) nozzles exhibit de, ,ations which show up in the calibration measure-
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ments of Mdkch number in the test region. The close correspondence be-

tween the bLock waviness and that of the template illustrates the value of

time spent in improving the master template, and inciden.tallv, attestb to

the splendid capabilities of the craftsman who fashions the block.

Further remarks on the influence of thn waviness will be deferred to

later sections.

8.2 Blocks

The main features of the physical nozzle blocks are shown in Fig. 22.

The contour is shaped from kiln-dried straight-grain (Honduras) mahogany,

which is lengthwise laminated and glued together with Urea resin (Weld-

wood). Both to minimize shrinkage and to allow for sawing cutouts, the

over-all width of 18 inches is formed from three doweled sections of 6-

inch widths made up of 3/4-inch laminations.

The sides of the block are measured accurately after preliminary at-

tachment to the 24 ST annealed aluminum sole plate. Subsequent disas-

sembly allows accurate installation of the static-pressure taps, pressure

seal, etc. The seal is quite important due to the large pressure differ-

ences that exist between various segments of the contour during operation.

A detailed drawing of the static-pressure tap insertion is sh, wn in Fig. 23.

The rough wooden blocks are undercut by approximately 0.005 inches,

in anticipation of 10 coats of DuPont Preparakot. Between each spraying,

the surface is hand rubbed so that the final product is both smooth and hard,

matching the design coordinates within 0.005 inches. Dimensional checkb

are carried out with the aid of the template and feeler gages, so that the

skill of an experienced woodworker cannot be overestimated In this phase

of the project. Approximately six weeks are required for two men to

finish a pair of blocks, starting with the initial laminating operation.
Several of the Laboratory's blocki are shown in Fig. 74.

8. 3 Handling

A small overhead crane furnishes the main aupport for the block (up

to 400 pounds' while the operating crew (four men) manually position each

half into the test section proper (Fig. 24). For tils maneuver, each block
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is equipped with two lifting holes (Fig. ?2) which mate with xziale counter-

parts on a forked lil..ing bar. Dovetail-type cutouts in the tunnel structure

match similar cutouts in the nozzle block sole plates. Tie down units con-

sist of expansion wedges which fit the resulting pattern. A complete

change-over from one Mach number to another is normally completed in

less than one-half hour.
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SEC TICN 9

WAVINESS EFFECTS

An examination of calibration data obtained in the "uniform-flow"

region shows three distinct types of discrepancies.

I. The average Mach number is above or below the design value.

2. Long wavelength deviations are superimposeu upon the average

line.

3. Relatively shortwavelength perturbations are superimposed upon

the mean distribution.

The present concern is with Item 3, for which a linearized analysis 4 8 will

be shown to provide a suitable approximation useful in the manufacturing

stage.

The viscous layer at the boundary is assumed to play only a passive

role, with the justification that the reflection properties of a character-

istic passing through such a layer are unknown. Experimental data,

treated according to the analysis, appear to verify that this is indeed the

case.

9.1 The Boundary-Value Problem

The neglect of the buundary layer enables us to consider the two-

dimensional wave equation

(as - uZ')O - 2uvixy (as - vO)yy = 0 (9:01)

where 9 is the velocity potential such that u =x and v = t for irrotationalx y
flow. Specifically, consider 0 to be the potential function for an "imper-

f.ct" contour (i.e., containing waviness) and 4 to be the corresponding po-

tentia.l for the infinitesimally differing "perfect" contour. Both functions

must satisfy Eq. (9:01) as well as the boune.ary condition

_V 0 y(x, y)

u - = y,(x) (9:02)

'The notational use of rT and ( ) differs in this section from the
earlier use.
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or 
(x, -) '(x) (9:03)

u x, -

on the contour. Since the potentials differ by a small amount

+ = +(x, y) (9:04)

where is a small perturbation potential. Eq. (9:02) may now be written

y(x, A.. + y(X, A) fy(4 y)(x, Ay)-
- y(x) = + (9:05)

.x, y) + N(x, ) F(x. y) F(x, y)

where the approximation follows from the assumption (40/ 1  << 1.

For further simplification the contours are restricted to y

which does not necessarily imply a corresponding equivalence of the

slopes y' and y'. Inasmuch as i and its derivatives are continuous and

slowly varying functions (in contrast to +), this restriction leads to

(Xy) (x,- (9:06

Then from Eqs. (9:05) and (9:06)

40y(Y A = (y' - 7')Tx, -) (9:07)

Writing y(x) = y(x) + t(x) and noting that IX(x-) is essentially constant

(say, U) over small sections of the contour, the simpified boundary con--

dition for + becomes

,(Xy) U . (9:08)

The exact boundary condition may be obtained from the left-hand side of

Eq. (9:05) without assum"ng (X/OX) << I; it is
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y(x, y) - yx (X, y) Ut' (9:09)

and is equivalent to

0 = Of +

in which 8i/8n is a known function. A unique solution is assured, there-

fore, since the theory of hyperbolic equations requires that 0 and + n be

specified along an initial curve and that either 0 or +n be krown along the

boundary. In the present case no waviness is assumed to exist upstream

of the inflection point on the contour, ,eo = 0n = 0 on the initial curve,
which is arbitrary but for the requirement that it lie upstream of the de-

sign characteristics. The waviness effect is transmitted along character-

istics in the "simple-wave" region and shows up as Mach number pertur-

bations on the nozzle axis.

9. 2 Linearization

Assume that

q q q(9:10)

where

= x Z = x a y q x Z +* ya

and (q/q) << 1. With this approximation Eq. (9:01) and its counterpart for

the "perfect" contour reduce to

-_ (-a +84-)
(az _jz) 4, -zuv -Oxy + (.Z _),,yy X . v 1y (9:11)

Eqs. (9:11) and (9:09) are an "exact" formulttion of small disturblances in

a nozzle. However, for the estimation of design tolerances. a simplified

form of Eq. (9: 11) will be employed. First, assu:;-e the coefficients to be

constants so that

A4 xx + 2Bxy + C+yy D x + E+y (9: 12)
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where certain average values for a, etc. are to be taken in

A= -u ; -uv
(9-13)

10.
The differential equation for tb- rharacteristics is given by

A(dy)2 - 2B(dxdy) + C(dx)Z = 0 (9: 14)

with tb o solutionr X(x, y) = constant and iL(x, y) = constant, forming two

real families of curves. These are

X y- 01x = constant
(9:15)

F = y- Ozx = constant

in which
B + %fB z - AC .dy

z A

and $1 < 0, 02 > 0. Replacing (x, y) by (k, g&) as the independent variables

in Eq. (9:1Z), there results the normal or canonical form 1 0

i - [a(k. IL), + b(X, F)4] .(9:16)

in which

A\ + 2BX +CK -DX -EX
a(X, L) = 2Y _, _yy x y

2 EAkx~xF + B(XX&y + %yeL) + CXYL 12[A'xl x +*B(Xxy + kyltx) + Cky Lvy

Now in Eq.(9:11), f1q(z)/ex and 8(q-z)/ay are several orders uf nagni-

tude lower than the coefficients on the left-hand side, and are of opposite

sign. Furthermore, I e ti:,-,m 4x and 4y are themselves timall quantities.
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The two products or. the right-hand side may, therefore, be neglected;

thus reducing Eq. (9:16) to

= (9:17)

which has the general solution

= f1(k) + fZ(x) = fj(Y - Rix) + fz(y + PZx) (9:18)

The function fl is constant along characteristics with negative slope cor-

responding to disturbances originating on the upper contour. In like

manner fZ applies to lower wall effects. There is no loss of generality if

consideration is given only to fl, say, ,since the effects are additive. Eq.

(9:08) is the necessary boundary condition.

The use of constant coefficients in the differential equation amounts to

replacing curvee characteristics by straight characteristics. Due to this

simplification, ne waviness cffcct will not be completely correct as to

magnitude or position. Still, the analysis does prove to be of value in

predicting the order of magnitude of the transmitted dis-turbance.

9. 3 Mach-Number Variation Due to Sinusoidal Waviness

Let us consider a small segrnent of the "perfect" nozzle contour to be

defined by

= k(x - xO) + yo (9:19)

in the vicinity of x 0 , y0 ), where y = k. Superimpose on this "perfect" con-

tour extremely small sinusoidal waviness such that

y-- y + r = k(x-xD) + yo + T sin [a(x-xo)] (9.MO)

and assume u± soluLion of the form

* = A, o sin[aI(y - x + L (9:21)

Sub3tituting into Eq. (9:09) and neglecting a higher order lerm yields

9-3 WADC TR 54 27('



sin~ 1  ['-Yo)01 k X0~ (9: 22),
(I + kl)

so that

cos iaU .Y - 0 a-x) (9:23)
1 + k, ~ k  ,0

airUY)-9.x-X (9:24)

Thes, pertrbation velocities arc thc result of the waviness c(x) which in-

duces maximurn errors in the coordinates, slope, and curvature of magni-

tude IWI laI. andliaz Y Of especial interest are the slope tolerance,

la a, ind the curvature tolerance, C *=aa as well as the perturbation

wavelength L = (Zw/a). The curvature is readily obtainable with the aid

of a waviness gage (Section 8), whereas slope measurements are relR-
lively lifficult.

In terms of Mach number, the maximum error from Eq. (9:23) is

(A M) rn = Iac-$, M (9:25)
1a 1+ kol

* L*

and noting that C L= 4nzo, the following formulae are obtained:

('<) : I , -~+'~i~ C*('*W). (9:2)\""/max L * (I + k j)  Z~r(l + k~l )

If the a.irnplified bouldary :onditimn of Eq. (9:08) had been utilized, the

following results instead:

(9:27)

C* - 02 ( V) max
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The absence of the factor (I + k0j) in Eq. i9:Z7) in contrast to Eqs.(9:25)

and (9:26) is not seric,-p. Near the inflection point. where k is a aiaximun,

(ko ) remains relatively constant with a -aiue of about - _. 03 for the

Laboratory's nozzles. This is due to the fact that as the angle of maximum

divergence decreases, the local Mach angle increases at almost the same

rate.

Finally, by setting y = 0 in Eq. (9:23), the wavelength, LAt of the

Mach-number variation on the axis is

L Z - $ (9:28)
LA a$,F~

From Eq. (9:27) it can be seen that for a given frequency (a) and coordi-

nate tolerance (6) the relative error in Mach number is proportional to 01

and so varies from nozzle to nozzle. 'he rather large variation of 131 with

Mach number is shown in Fi:.25. In contrast to this, the AM error itself

displays a much slower variation. The short tabulation given below illus-

tratcs the magnitudes for a coordinate tolerance of 0.005 inches.

M

L 1.3 Z.5 .4.0

0.038 0.014 0. O08 1
1%M

10 J.004 0.001 0.0008

1 0.049 0 034 0.032
AM

!0 0.005 I 0.003 C.003

The fact that the error, L M, is inversely proport:onal to the waviness

wavelength implies that smoothing the contour de.reases the variation of
Mach number. Moreover, the curvature, C is proportir.3l to (AM),

implying a sensitivity to small variations in AM. F .r example, fcr a
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M = 2. 5 nozzle with a- = 0. 005 inches the maximum allowable err..r in cur-

vature must be - -dxt.:ed from 0.017 to 0.OOOZ in order to reduce (AM)max.

from 0.01 to 0, 001.

As a check on the ur ity of the method, consider the experimental

data (Fig. 26) with regard to test-section Mach number and waviness

measurements on the MA = 2. 5 nozzle blocks i of the -.aval Supersonic

Laboratory. Only the pertinent measurements for this discussion are

shown in Fig. 26. The major discrepancies in the calibration are at-

tributed to design errors, ,hile the illustrated high-frequency variation

will bc traced to the waviness effect. This is consistent with the super-

position principle of linear equations.

The M = Z. 5 nozzle is drawn to scale in Fi6. 26 and the perturbation

regions indicated in the measurements of M and C are denoted by the

segments ABC and A B C . The locations of A , B , and C are only ap-

proximate inasmuch as we have assumed that Eq. (9: 19) is valid (with

(x 0 y0 ) the inflection-point coordinates) and that the characLcristics are
I I

straight. However, in spite of the approximations, the pairs AA , BB
I t I I

and CC do lie close to the characteristics. Since A , B , C occur at

the inflection points of the curvtvtre oscillation, and A, B, C are the in-

flection points of M oscillation, it is seen that the perturbations do cor-

respond to propagations along characteristics.

From the curvature data a reasonable value for L is 6 inches and

it follows from Eq. (9:28) that L* :t 10 inches,in good agreemenL with

the M measurements. With C 2r 0.00Z, the coordinate error is

= 0. 0018 inches which checks with thr general accuracy of the nozzle

fabricaL'cn. The Mac,.-number perturbation from the above anplysis is

(AM)max ! 0. 00. for the contribution from one contour and, on the basis

of similar curvature variations for each block (Fig. 26). the total

(AM)max != 0.004. This accounts for more th.n one half of the arrjplitude

of the dashed curve in Fig. 26. A somewhat more acc" -!r! result was ob-

tained by similar computations on a M = 1.7 nozzle.

+ Note that in this desijp: -'y up to 714 term', were employed ',n the
Friedrichs method.
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It is aprIrent that some of the disr!repancy in the above check may be

dup to an ine..act choice of the basic Mach-numbcr di3tribution in at-

tempting to isolate the waviness infi-,cince. In addition, t.h,. assumption of
,

sinusoidal variations, the choice of L , and the linearization process

itself, are all inexact. However, in spite of the limitations, a useful pre-

diction of magnitude and location does result in a simple fashion and should

be of value in setting up standards to be met by the manufacturer.
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SECTION 10

C ALIBRATION METHODS AND SENSITIVITIES

Several methods exist for evaluacing the performance of a nozzle in

terms of Mach number and flow inclination variation3 in the "uniform-

flow" region, and boundary-layer parameters. The most common of these

make use of pressure measurements, but density, temperature, mass-
41

flow, and wave-geometry measurements do serve so;r, purposes. A

specific choice depends upon the Mach-nu,,iber range, pressure level,

required accuracy, and relative simplicity.

As a measure of relative worthiness, the sensitivities for several

methods have been compiled in the form of fractional error in the sought

parameter relative to fractional error in the measured quantity. After a

brief outline of the methods and somc of the associated difficulties, the

calibration equipment in use at the NSL is described.

10. 1 Mach-Numsber Measurement

Pressure schemes for determining M inverlve such geometrically

simple probes as a pitot tube, flat plate, wedge, and/or conc. The deriva-

tion of the pertinent equations are well known 4 1 and so are not repeated

here. In each instance, only the dependence of the measured parameter

upon Mach number will be given, followed by the measurement sensitivity.

The latter variation with M is shown in F.g. 27a while actual &M values

for estimated measurement %ccuracies of 0. OZ psia are given in Fig. 27b

and c.

Free-stream static pressure, as measured on a flat plate, in combi-

nation with the operating stagnation pressure ani1 an assumption of ipen-

trpic flow, y'elds

11- = I + . M = P, 11:01)
p 0

A method for estimating the effect of non-uniform flow upon stability-
test data is outlin:.i in Appendix Iii.

Note that d(Pi )/(PiJ 1 -rip/P
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and so:

AM 1 + -M 2

7am AP +M? &P '10:02)

yM 2  
-7M?

Substituting a pitot measurement for the static pressure implies

combining Rayleigh's formula with Eq. (IO:0I):

p [_. 1/(y-l) 2 +  - M Y/ ( ' - ) =
SMz + . '- P3 M iU:03)p + ' ( + I)Mz

and so:

am = (2YM z -(- )] [2 + (*Y- l)M z ] AP = 7M 4 + 34MZ-5 AP
ij= .j (10:04)

4y(M2 - 1) z  35(M z - 1) 3

Rayleigh's formula may be used directly with local measurements of

pitot and static pressures

-- M7 Y = Ps (10:05)
p P [*Y

and so:

S (ZM, -l)+ 1 aP 7MZ-1 AP

, M) J =' 7 -M-) - (10:06)

Introdi-cing the static pressure on a wedge combined with stagnation

pressure:

= Zy(M sin - ()) (10:07)

(Y + M) )l + M

The shock angle is (3s - Ps (M, wedge serrti-angle) and
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AM M yM 1 I __ (10:08)

4 p- [/+ -7 M2J
fl (M) - I.pw /pO)/dM follows from tabulated data.

Wedge static pressure and pitot prersure result it,

P [2 y(M s in " - - 1[--Y -# TTI= = P9 ( io:0U9)

p 1 Ma] Y/(YA-i)

and so

AM + (10: - A (1010)

When a cone is used in place of a wedge, one must resort to tabulated
solutions,42 p. is the cone surface pressure, and

(M. !C.d(p C/po)

is obtained from the mentioned reference, then

am7Mz AP

where P - p /p., Also

am + 7( 1 z)} -P.I (10: 12).W! = 79 M -- I Z ' ,

where Pi; = /P
C p

In place of pressure one can measure shock angles on a wedge ,vith

the aid of a schlieren or shadowgraph system. The Mach number is a

funcL.-on of the shock angle. s , and the wedge set .i-angle, s:

sinA " sine
2 s nzf Y +l I S. (0: i

s 2 os(j3OS
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and

AM -MZ cos y. in + i a I 1 (10:14)

When the wedge angle, 0s , approaches zero, the above reduces to a

sirnple Mach wave

M = (sin&)- (10:15)

and

AM = -(acot a) A& (10:16)

The measurement estimates of Figs. 27a and b are based upon A0. = 0.10.

Another point-measurement technique employs a mass-flow probe

and a pitot tube. If the mass-flow rate is denoted by w and the cor-

responding area by A, then

pA + M 2y

p (10:17)

× [" 2 + (Y-- lIM']V(Vl
(Yi + JiMZ

Now if w/p = PI 7 , the measurement sensitivity :s
p

AM { .y (.,1)M + 4v(M -1)2  AP 7

2 + -- I)Mz  [ZYM 2 -(y- 1)][2 + (Y - 1)M z  P 1 7

7M 6 + 69M 4 + 16S2 - 25 1 P1.

42M 6 + 239M 4 + IIOMz - 175 PI7J

The interferometer has enjoyed success in small tunnels and rzee.ently

an ionization technique ha- been developed. 4 3 However, th- f'jr.mer is
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impractical for large-scale work and the latter does not achieve a point

measurement. In principle, a calibrated total-temperature probe (i.e.,

with known recovery-factor dependence upon M and RN, see F.q. (7:08))

may be of use, but in practice, the recovery factor is rarely kn.3wn to a

sufficient degree of accuracy.

10. 2 Flow Inclination

Wedges and cones are also of use in determining flow inclination, due

to the surface-pressure differences arising when the probe is not aligned

with the flow. For example, in the case of the -edge

1 - P ) (10:19)
(Yp0 MZ) I + ZCZO

where the C. are Busemann Coefficients.41 However, both for the wedge

and the cone, the sensitivity increases sharply as a - 0, as can be seen

from

)(10:z0)
Cr Ap

On the other hand, the slope of the Ap versus a curve at a = 00 does sup-

ply a practical calibration method for inclination. Fig. 28 illustrates the

variation of d[Ap/p]/da with Mach number for a 0 = 100 wedge and

compares the inviscid theory with NSL wedge-calibration data in which the

wedge was rotated about its leading edge.

Lastly, a knowledge of Mach number and shock angle permits the in-

v-rse use of Eq (10: 13) to determine an apparent 0s and therefore, a.

10. 3 Boundary-Layer Parameters

Information as to the viscous state at the boundary is of interest for

both future nozzle designs and sidewall-mount test progranms. The re-

duction formulas fo. the displacement and momen! .rn thicknesses on the

basis of constant static pressure and stagnation temperature through the

layer are:
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6* {,6 ,6 M (_ Mdy/
"" (' -u dy M f (yo POoj ., j

and (10n.,,

It follows that a pitot survey normal to the boundary is sufficient for

computing 6 and 9. For turbulent profiles, a log-log plot of (u/U) as a

function of hcight from the wAll establishes the thickness 6 as the inter-

section of a straight line through the data with (u/U) = 1. From all in-

dications the implied assur,,ption of a power-law profile of the form

u ( y/N (10:22)

is valid. In any event, an exact value for 6 is not of extreme importance.

10. 4 Practical Difficulties

Although supersonic flow eases some of the problems associated with

disturbed conditions due to the presence of a probe, these problems are

not always absent. In addition, some question always :!xists as to the

matching of the probe geometry to the assumptions explicit in Section

10. 1. Several investigators, for example, have recently reported ap-

parent stagnation-pressure losses between the stilling and text regions.

The loss is said to incr ase with Mach n.mber to approximately 3 per-

cent at M ' 3, based upon measurements carried out with static ard

impact pressv:re probes.
t

A c.. uu p0 loss was carried out by Hill ;& the NSL, using a

point-measurement technique. He aligned a pi'ot tube with the surlace of

a wedge and inserted the assembly into a M = 3.5 stream .- an attitude

such tb t (d0s5 /dM) = 0 for the estimated Mach number. Measurementq

were made with the pitot at several distances behind the learii-g-dge

shock and cxtrapolated forward to the shock position to minimize any

Results to be published
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viscous efft,t from teh vr'e- .. f.. *- - Thc .;hock angle was determined

from ezdlarged schlieren pictures, and a pitot-tube reading was tak,-n at

the extrapolated position without the wedge being present I t rp.qwIta

indicate no loss in P6 at M " 3. 5 with an estimated accuracy of about 0. 1

Fercent. The earlier-mentioned losses in other fa(.ilities may be due to

reflecting waves introduced at the nozzle contour, or perhaps to the dif-

ficulties inherent in static-pressurc measurements.

A further independ-nt Pa measurement tha does not us- z. ta-tic pres-

sure is furiiloeA by Eq. ( ,1017). Th,,i-&e accu r acy r" ... l-" v , di. -

mands either an extremely :urate mass-flow meter, or a large reser-

voir for storing the entering air.

Since a pitot pressure is assumed analytically to be the final stagna-

tion pressure after a normal shock wave, the shape of the bow wave ahead

of the p,,-be is important. In terms of probe geometry, the implication is

that the inner-outer diameter ratio, (d/D), should be small. At 1.6 M 6'

1.8, it was found that for 0,062 4 (d/D) < 0.50 the results are independent
44

of the ratio. 'he same reference indicates that the measurement is in-

dependent of angle of attack up to IH degrees for d/D = 0.50 (NSL value).

Static-pressure measurements demand some compensation for the-

boundary-laycr effect when introducing the standard oblique-shock rela-

tions for -,-edges or cones (see Fig. 28). The pressure at a tap a finite

distance aft of the leading edge of a wedge is in addition influenced by the

edge segment within the tap forecone. Non-uniformities in flow and vis-

cous effeuts, therefore, hamper the interpretation of such data.

Barnct 4 ! describe~l a technique to compensate for these effects.

St',ticpressuve taps, in both a rotatable we Ige and the tuiriI cellLniz, are

,tort], thic -etiliig tap.a -Ate i -a w&Ll Anoi wiii*juL i wvugt csn -it:

situated such that the eblique shock frorn the w--dge inte. sects tht- boandr.ry

just upstrcam of the cap. When the wall tap Is the same pressure v% ith

the wedge at a given atttude am with the %,.dge -umaoved, the :,.cbe influ-

ence is ronsidered to be nil ad its tap pressui e as 'alid (i.e., free-

stream static vressore). H'mwever, this technique is quite nvoived aiid

i,ot too easily adapted to over -all calibrations.
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A~i ogive -cyider combination i~smetimes used to find static pres.

sur: far- aft of th-. nose, but a nose shock is prebent. StLic pressurei

also suffer irom dew-point effects. At a dew-point of about 00 F and

1. 7< M 4 4. 0, the pressure is approximate'.y 1'. percent higher than .7::

responding values when no 'ojidensation shock occurs. 4

10 5 NSL Calibration Equipment

To avoid static-pressure problems, the NSL Mach-number probe con-

sislts of a 33-tube pitot rake (hypodermic tubing 0.035-inch 0. D. ,0. 5-

inch lateral sIacine) mounted an a wedge base of 17-inch span, and used

in conjunction with stagnation pressure (Fig. 30). The rake is movable

axially by remote control over a large range of the theoretical "uniforii-

flow" region. Downstream travel is limited by the ceiling support system

position which, however, serves to hold models under test and is, there-

fore, aft of the practical test region. Upstream travel allows investiga-

tion to a point 21 inches ahead of the nozzle exit plane.

The rake may be positioned in either a horizontai or vertical attitude,

anct, by means of offset adapters, pliane + 2 inches from the axis may be

surveycd.

For flow inclinations, a 10-degree vertex semi-angle wedge with 33

pairs of pressure taps (0.020-inch 0. D.) on the upper and lower surfaces

is available. The conf i.giiration, support arrangement, and mobility are

similar to that of the above rake. Theoretical values of d(,&p/p,)/do at

a - 0 underestimate thic true angle of attack corresponding to a mneaesird

pressure differeI4.t, as is chown in Fig. 28. The expcri'mental values in

the latter figure were obtained as ave- ages of span-wise distributions of

d(ap/po)/da for each pair of taps (Fig. 29). An individual data point in

Fig.2Z9 represents the best slope through experiment ti reslis taken at

intervaiu o1 to -- /4 degree o~er a range (Ii r Ai 11Z -Iegtres.

A correction for the viscous effect sho'.n in Fig. Z8 has beer. esti-

mated as f, 'Inws: For the Reynolds number based upot hie tap distance

aft Ut the Icading edge oi th.. w,-dg.', the local diaplacernent thicknt -s, 6
at the tap is found from
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6* 8*

H = - 2.60 + 0.72 MI (10:22)

where 0 corresponds to the RN on an incompressible basis. ?q.(10-22)

agrees very well with the variation of Fig. 40b for Nr = 8. In the case of

the M = 3 calibration, the effective wedge mezni-angle is increased by 0.8

degrees and the resulting comparison is

BASIS d(Ap/po)/da] per degree

theory, inviscid 0.00741

tbeory,. viscous 0.00760

experimental average 0.00768

A fair approximation for the viscous effect in this method is therefore

possible.

Boundary-layer profiles have been obtained with the aid of the support

shown in Fig. 30 for measurements on the block surface and on the obser-

vation windows. Sidewall profiles upstream of the window were taken

with hypodermic tubing inserted throu.gh the test-section door, and throat

positions on the blocks were investigated by insertion of tubing through

a convenient pressure tap above the block hand-access hole (Fig. 22). The

probe tips wtZ e 0.020-inch O. D.
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SECTION 11

CALIBRATION DATA

The variable-density, continuous-flow wind h'vnel at the Naval

Supersonic Laboratory operates at a nominal stagnaion temperat're of

1100F with stagnation pressures in the range of 0.4 to 2.4 atmospheres.

Nozzles are restricted to a maximum aerodynamic length of 90 inches*

and test-section heights are limited to 24 inches (Md < 2.5) and 18 inched

(Md> 2.5) by the compressor characteristics. Rated power is 10,000

horsepower. A more detailed description of the facility may be lound in

Reference 47.

The physical characteristics of the Laboratory's nine nozzles are

compiled in Table 6 on the following page. The over-all length in each

case was chosen to approximate one-dimensional flow as cloely as pos-

sible (i.e., minimum -d ) , but included a large portion of the subsonic

wall streamline to insure the correct sonic line shape. For the higher

design Md's the over-all length was reduced due to weight conr.derations.

since the sharp contraction on the subsonic side yielded similar (t/hT)

magnitudes. A calibration sequence has been listed, since in each nozzle

design some improvement was attempted on the basis of the earlier ex-

perimental results and the order proves of interest in the interpretation

of the data.

At the inception of the first nozzle design (Md = 2), very little was

known about the effects of viscosity, contour waviness, tolerances, or the

acceptability of the Friedrihs method The specifications for tie Mach 7

nozzle required a + 0.01-inch ordinate tolerance and a maximum de-

parture of wavinesp of,%, 0.00i inches from a mean line. The design was

based upon series to within 114 power, and no viscous compensation was

The blocks contain an additional 4-1/2 inch:s of length downstream of
the exit plane, the latter coinciding with the verical centerline 0i the
observation window.

**This specifically refers to those supersonic nozzles based entirely

npon the Frie.,richs method. In addition, there is a subsonic nozzle
(Appendix I) and a vat lable Mach number transoi.Ic nozzle avaiable for
test "purposes.
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incl,.Ad, A.11 ubse~u-nnt flozzins 0. r -ry'-layer correction,

ard the last two calibrated, Mach 1. A,, well as the later M=2.5

2.75, and 3,25), noz,,e,4 inel'i. cormputazioiib to within the 116 po"'Prs.

Starting with the fourth nozzle (M%4d :7 3) closer control over tpniplate wavi-

ness was initiated when it was realiized how. significant this was for the

final block,. Ordinates are now specified to 0.001 Lich with a tolerance of

+ 0.005; the finished block virtually never differs by more than 0,0)3 inchies.

11. 1 Contc'ur-Preseure Distributions

Fig. 31 illustrates the static-pressure variation along the curved con-

tour as predicted by theory and measurcd withr the tans qhn%%m "~g ?

The characteristic shape is that of a nearly lincar decrease through the

minimum section, followed by a sharp change in slope at the inflection

point, and a rather gradual decrease to the exit plane. For the repre-

sentative cases, Mach 1.7, 2.5, and 3.0 nozzles, the agreement with ex-

perimnent is good, but with some noticeable deviations downstream of the

inflection point. -4he indiea' ur1 expansions and compressions correspond

to measurements made cn the axis within the test rhombus (Fig. 33 b, c).

*Of major interest is the fact that the inflection point appears to cause no

profound influence on the test-region flow.

11.?2 Mach-Number Calibration.

Using the .forementioned pitot rake in combination with stagnation

pressure, the local Mach numbers were measured in horizonial planes

at y =0, + 2 inches and in the vertical piane dividing the tumnel. Some

examples of lateral distribuitions of Mach number tor each nozzle are

shown in Fig. 3Z. Each such distribution has been averaged to obtain a

representativ. v...ue for a given axial position with the results shown i'r

Fig, 3J and tabulated in Trable 7.

The Mach 2 nsizzle (Fig. 33b) cxhibitd an oscillatory M &"ttribut ion

and is the or.. y case in which the ave-age M is below the ehign value; ii-

doobtedly this is due to the lack of a viscous cur ection. The expansion to

M 2.03 at (x - 1) -3 in-hes corresponds to the WAviness at x 26

inches in Fig. Zia, as do the lesser perturbatiuns to othtr waviness devi-

ations.

A visual indication c( the waviness effect is shiown in Fig. 34 for the
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Mach I. 7 nozzle. The schlieren photograph of Fig. 34a disclo.... -. ree

disturbance lines (n,.rkecd by arrows) emanating from the upper -

Assumina these lines are straight, the source of the disturbances were

found to lie at the contour locations indicated by arrows in Fig. 34b. The

hump in the waviness cur'e at x = 24 i!-ches implies a too convex surface

(i.e,, a compression) which is responsible for the decrease in M at

(x - f) =_ - 6 in Fig. 33b. Since the integral of the waviness curve is pro-

portional to the slope of the contour, a rough check can be carried out by

employing hodograph angles. In this case more than balf the decrea-e

(from M = 1. 729 to 1.711) in M at (x - 1) 2 - 6 inches in explained by the

area within the waviness hump. Of course, the method of Section 9 is

applicable. Such correlation between the "boundary condition." measured

perturbations, and photographic evidence are to be expected; however.

especial importance is attached to the template-waviness humps, since

they are indications of the flow quality prior to constructing the nozzic

blocks.

It is clear that for the higher Mach-number designs of 2. 5 and 3.0

the flow over-expands in the forepart of the test rhombus. The compar-

atively slight perturbations superimposed upon the long wavelength variation

are attributed to waviness in the contour, but the main departure from

uniformity is dependent upon the order of the series approximation em-

ployed in the design.

zsacluding the higher order approximation yielded the calibration

data for the Md = 3. 5 nozzle shown in Fig. 33c. Unfortunately, all of the

contour waviness was not removed, but a comparison with the M = 2. 5

and 3.0 nozzle data shows that the loCAl overexpanrion common to those

blocks has been eliminated. Table 7 points out that the maximum devi-

ations (%) from an average M value are best for the M = 1. 5 and 3.5 re-

sults; the very satisfactory data in the lower M instance is undoubtedly

due, in part, to the approach to one-dimensional conditions at t-at M

level. The high average M value for the Md = 3. 5 nozzle faverage M =

3. 55b) is a result of viscous conaiderations and will be explained below

in those terms.
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It is natural to expect two-dimensional flow no matter how poor a

design may be. On c,'ilcrion then for flow quality is that the axial and

lateral variations be of the same order. Comparing the percentages

shown in Fig 32 and Table 7 illustrates that at high 14 'P some irnprci, .-

mrent in longitudinal variations is still possible; at the lower end of the

spectruns, the Md = 1, 5 case has comparable deviations in both direc-

tion s.

Vertical-plane averages are seen to be in good agreement with the

data obtained in horizontal planes. Decreasing the Reynolds number by

a factor of approximately two alters the generai level by less than 1%.

Ext-nsive surveys off the horizontal center-plane were not completed

since it was shown t&at the center-plane data may be used to predict such

results fairly accurately.

In Appendix III it is shown that the potential for symmetrical flow is

given by

, = ~~fix- /) + f(x + Ry) lO

where

Then

+x zf(x - Oy) 4 f (x + Oy) ( 1:02)

and

* (x, 0) Zf (x

From thc caiibration data obtaincd on thc axs, f (x) iq kw/n as a pea tur-

bation from the average valuc. Thercforc, :th ct/f ccntcrlinc v;.7i.atioi.

may be found from En.(1l:OZ). In practice, n-,e need only plot tw.

replicas of the centerplane-calibration curve, ach b,'i I. "lisplaced uia-

Actully, the boundary-layer growth on the sidewa'"i crt ates a
truly three-diniensional situation; the evidence on hand shows that this
effect is still masked by " ther influences.
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and downstream a distance y, and average the new curves at ea .

station.

11. 3 Flow Txclination

Regardless of design errors,u, vjnesb, or viscous effects, the ..

zontal and vertica, midplanes are symmetry planes for the flow. ". :,y

exception to this would be caused by differential waviness on the twi. k;k-

halves. Figs. 35 and 36 illustrate the axial variation of flow inclina', xir

the same fashion as the previous M figures. The averag,.: in .linatio •

the order of 0.1 degree) in each case was assumed to be zero. zinc*

wedge-setting accuracy in pitch was + 0. 1 degree for a given set of d.ta

along a plane. Positive signs refer to the usual positive angle of attack

and side slip conventions as would bo experienced by a model.

Flow inclinations within a band of + 0. I degree along the symmetry

planes were found to be present. The inclinations on planes offset Z inches

from the horizontal midplane for the Mach 3 nozzle (Fig. 35c) are in

qualitative agreement with the M distribution of Fig. 33c. The same is

true of the M - 2. 5 data. Stream lines diverie and converge in accord

with the local expansions and contractions, and are parallel at relative

maxin. ms and minimums. Control over the M distribution will thus in-

sure satisfactory directional results.

Examples of the lateral variation of flow inclination appear in Fig. 36.

As might be expected, the results are similar to the axial variations. The

shadod cita-points apply for the first calibration conducted with M z 2

blocks, at which tirr-e no screens were present in the upstream stilling

section. After installing two Lq screens, the open circle data were nb-

tained. The screens are credited with disrupting the effects of two rie1it-

angle bends in the tunnel circuit just ahead o: the stilling section. All sub-

sequent daia were taken with the screens in place.

I 1:4 Boundary-Layer Data

A few typical boundpry-layer profiles art- ct ,aipared with a 1/7 powet-

law variation in Fig. 37. The displacement thickness growth on the paral-

lel and curved bounda:ies is shown in Fig. 38. The sidewall centerline
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growth of 6 is parabolic in nature and therefore doec uua. conform in de-

tail to the predictions shown in Fig. 19. However, the over-all rates of

growth, A 6 /Ax, are in fair agreement. In Fig. 38b the ir.iial and final

15 *.alues. asswutd and computed -espectively, are depicted by open

circles for each nozzle. The dashed line indicates the trend, but no exact

continuity is implied, since the nozzles vary with respect to physical

length, Reynolds number basis (i.e., Po), and -nd" Shaded points indicate

measured data and the agreement is reasonably good. Over-all rates of

growth from Fig. 38b are plotted in Fig. 39 and again compared with pre-

dicted values.

As a further check on the assurmptions of the Tucker analysis, 34 ,35

ratios of measured 6*16, and 6*16, and 6*/0* (= H*, the shape parameter)

are compared with theory in Fig. 40a,b. Adjacent to each point there ap-

lzars N estimated from the best straight line through the velocity profile

on a log-log plot. Considering the possible error in determining 6. the

results indicate a satisfactory assumption of a power-law profile. Since

6 is not required by the shape parameter, its comparison is perhaps more

relevant. Along the contour, the agreement is good with N 7 for

1 C M < 3, although the sidewall data appears to increase at a faster rate

corresponding to lesser inverse exponents N.

Although neither the exact distribution of 6* along the boundaries nor

a precise over-all rate of growth was predicted for all nozzles, the gen-

eral calibration results yield average Mach numbers in the test rhambus

which are remarkably close to the design values. The exception is the

Mach 3.5 nozzle which was overexpanded by approximately 0.05 units of

M. This &rose due to a. misinterpretation of the viscous data available

during the Md = 3, 5 design phase. From Fi-. 38b, the trend of the experi-

mcntal points from M.r .5 to Md - 3 ..ppcrc to indicat e th t the Tucker

asalysis underestimates the growth rf 6* for higher prep--=!re grad.ients.

As a countermeas.ire, the boundary-layer cc-..^'tations for the Mach 3. 5

case were carried out u3ing the Tucker analydin to determLrii the local

rates of growth and were then altered linearly "b conform with the experl-

mental trend. The 6* measurements in the Mach 3. 5 nozzle show, how-

ever, that the theory is applicable at the higher M ch numbers aid that
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the correction introduced a needless overexpansion.

11:5 Comb-nation N zzles

When the design Mach number approaches unity, the nozzle genoetry

approaches a one-dimensional configuration for a given I/hT. It is known

that for one-dimensional flow the slope requirement gives way to an ordi-

nate requirement. This suggests the poeible use tf di-stinct nozzle-block

halves to establish supersonic flow at other than the fixed design value and

thus to increase the tunnel utility. Of course, it is not known beforehand

that suitable uniform flow conditions w4i. result from such a combination.

but the ease with whirh some measurements may bc made obviates an

analysis by the method of characteristics.

A Mach 1.5 nozzle block and a subsonic nozzle block* were combined

as a set, with the results shown in Fig. 41. The theoretical prediction

was here based upon inviscid, une-dimensional flow, and the data repre-

sents an average of 5 pitot tube readings spanning the center 4 inches of

the tunnel width (see M = 1.35 schlieren photograph in Fig. 42). l-ertical

gradients in Mach number amounting to "- 0.01 per inch are present with

this configuration. With a combinatioi of a Mach 1.71 block and a sub-

sonic contour, a single measurement was made at the center of the exit

plane. The Mach number was 1.44 as compared to the prediction of

1.48.

Such combination nozzles prove of value for tests which require

only a sample of the total air flow through the tumntel as in the case cf dif-

fuser-inlet programs.

11:6 Concluding Remarks

Consideration of the calibration results and the design procedures

has indicated the following main points:

1. The Friedrichs method has proven satisfactory for superr.*.ric

nozzle designs in the range 1.5 < M < 3.5. Specificall:', ii nozzle gen-

Based upon the contraction .,nalysis of Appendix H "ith an inclined
plane extended downstream.
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u.-ating fun ioT of the form h I + and 3.4< I/hT < 4.2 was employed.

2. For Mach nuribers h.,gher than approximately 2, it ?: necessary to

consider series expatsions to within 116 order.

3. Wavin tss of the nozzle contour, as opposed to design procedures,

13 the main factor which induces the relatively inall wavelength Mach-

number perturbations in the test region. Sufficient care shown in templace

fabrication is decisive in eliminating such effects.

4. The presence of a curvature discontinuity in the streamlines Lr-

duces no serious consequences upon the flow quality,

5. Boundary-layer corrections in accord with Tucker's analysis for

the growth of the viscous layer and on a correct mass-flow basis serve

to insure a proper Mach-number level in the test region. Although the ex-

perimental growth is not in agreement with theory all along the sidewall

centerline, over-all rates of growth for the displacement thickness are

satisfactory.
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APPENDIX I

DERIVATION OF COEFFICIENTS IN FRIEDRICHS MiTHOI2

The following analysis is applicable to an inviecid, therrially non-

conducting, honiogeneous gas which obeys the p,,rfec. gas equiation of

state: p = pRT. The 'low through the nozzle is assumed to be steady,

isenti-opic, and irrotational.

Let the dimensionality ef the flow be denoted by , so that r -. for

two-dimensional flow and = 3 for axially symmetric flow. As usual,

* and designate the potential and stream functions, respectively; but

the working variables for the equipotential and Ftreamlines are (4,rj)

defined by

j ~x) dx
(1:01)

(Pq* I Atql l,- 1

The governing equatior,, aribing from the conditions of continuity and

irrotationality for the stream function are

-z y =pq(coo 0) y

(F 02)

- -pq(siin8) y

?,d for the potesiiai function.

-q sin')

(1.03)

8*
-q coon

Reversing the dependent and independent variab':!s, tht, following is

obtained
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ay-
, 4 - (cosO)

(1:04)
¢- (,,in OOx

.... p-"
and

.= -inO

- (1:05)

ex cosO

Now introduce the area-ratio functiun

h \ 3q I (1:06)

pq
and the (1,i) coordinate ayjtem from Eq. (1:01),

Then

t1:07!

and

(I:08)

ax h 0ot n8xd#

Crosa differntiatinR F-., (T'17) irnd (l:08) ,o at to etirninate x and
and uimplifyin., reaultu in

si 4 df1:09)
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For the axially symmetric case ( 3 3) Eqs. (I:07a), and (I:08) furnish,

h, q, and y. However, for the twn-dimensi"'al case i 2), only Eqs.

(1:08) are needed. This seems reasonable uii the grounds that the area

in the latter case varies linearly with y: whereas in the axi3Lfly symmetric

case, the dependence is quadratic in nature.

Assuming x, y, q, and 0 as in Eqs. (4:07) through (4:10) ajl&U ;:ubsti-

tuting into the proper equations mentioned abo, e, pzrmits the coefficients

of powers of Tj to be compared. The results have already been given in

Eqs. (4:11) through (4:15).

In a similar i asiiion the quantities F', G, and H are determined. Since

the design characteristic is at all points directed at thc Mach anle, a, to

the flow direction, it is descvibed by

dyI tan( - a)

This rolation may be formally expanded in terms of (i, j) and h and M tu

yie!d the form

.,1 + yI + + i- O,] it _, :'°

1*

Wh-re f(M) and rAMl art defined after Eqs. (4:1 71. CoM)parig .qs. (1 10)

and (4:16) yields thr valui indicated for F G, ind H in Es. (4:17).
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APPENDIX 11

OESIGN FOR A TWO-DIMENSIONAL CONTRACTION SECTION

i hi

k&_nsider a .and ;n at point-. 'B and rvcnectively. in the

hodograph plane (Fig.43). The strearlines in the p~jsical plane then cor-

respond to segments of rcular arcs in the hodograph plane and the physi-

cal representation is as shown in Fig. 43, which it is seen may be used as

a contraction section for a two-dimensional tunnel. Shadci portion- in the

t'wo planes correspond.
I I

Let the velocities at B and A be b and a, respectively, and let F,

q + itb; then
4 0

F, () = C Iln(; - b) - ln(l -I i:0l)

where C is a ccastant and J (u - i v) is the complex conjugate velocity.

In the physical. z - x + i y, plane

r
)CF/C

z C [ IdF

a e F/C b

F+ C( I~ In b -ae e-IC) + constant

ab, i la," I denoate Lhat . an-4... imi .nry -3 ! .t .. x ir

logrithm are to be taken. Assuming the coi.'., t ol inlegration vanivh'is

and using the pr:ncipal v.dlue for the logar&ihh,, -.e covrd.!I,,t of ,ht

streamlines reduce to

4 WADC 2 b e :C :op

I'll WADC TV~ Sl4 _17(



_ _ Ij
, -- arctan

b e4/C
a

Due to the circular -rcs which lie outs.de of the c;rcle centered on A B

,n the holograph plane, the streamlines in the physical plar a exhibit a

repetitive nature. Therefore, the rang-_ of portrayal in the z-plaie is

restricted.

As an illustrative exarmple-, the streamuis for :. ': . contractior

(a Z, 1- C I) have beer conmputed and are shown in Via. 44, The

coordinates of Eq. (II:04)are in this case

x I- In 4ete+- cos %) + I]

(11:05)
I F 2 sin

Y - ~-arc tar. ~

and as$ -wo, -- (4/Z) and as 0 - -®, y - (4-jr). A constant velocity

is achieved quite rapidly as evidenced by the virtually straight equipo-

tential line t.= 3 of Fig. 44.

Of furiher interest are those portions of the Lontraction str-amlire.

having a favorable pressure gradient, which in effect is assured by a
monotonically ncreasing velocity distribution. This condition is obviously

Aut ul, .. cr,g thV' 4 - 0 streamline, hit thi- applicable region may be

found easily

F -r the desired monotone velocity distribi~tin, D W /ao . 0.

From -.n O 11. n!

,-, F4eo(eo -coj) 4 1] / '

I r . Zcosi

"'L&it[ SO

1 1. 3o."- stl zez'
-C" (li:07)

4 e' (C.., coso 4 1 (C 4 ca +
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Thus
0

whvei either

or

3eo - cos /(l + Ze 0 (11: 08)

The former corresponds to the constant velocity at - am the latter has

be ' added to Fig. 44 a* a dashed line and divides the flow regime into

increasing and decreasing velocity sections. The most outward stream-

line with a favorable pressure gradient is I

Although the analysis applies to an incompressible fluid the usual

compressible corrections may be applied. The method was success-

fully used in the design of a subsonic nozzle insert for the test section at

tle NSL. Operations have been carried out between Mach numbers of

0.55 and 0.85 with theer blocks, the upper value being a function of speci-

fic models wvith regard to blocking.
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APPFNDiX III

THE EFFECT OF NON-UNIFORM FLOW UPON STABILITY DATA

Assume that on a segment of the nozzle axis there exists a linear

variation of M, so that 4xx = U k = con.qtant, ar. . in addition that the

flow is symmetrical. From the linear wave equation, with j32  MI - 1,

= fI(x- 0y) + fz(x + 8y) (III:01)

and since O(x, y) O(x, - y) it follows that f " 1,. therefore,

k [- (x-0y + x + y} Z] k[x, +01y] (111:02)

and on the axis:

*y kx

(111:03)
40y = kPI y

The flow inclination adjacent -o the axis is

y = yU" : -: 
0 4)

and so the effective angle of attack of an airfoil located a distance f t

(j~t~..t:f f.trwardl from the cewntt r of rntation becomes

eff t (I + (Ill O

The true lift-cuivc slope is then

J.CLrc dCL 0 set

true ( m) eas. ef) f7- ~1Q

for a given component of the model.
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The chung,: in ce:ter of p.'nssiure location, due to the M gradient,

can be estimated from the above relations. For an incremert in lift coef-

ficient on one uf t1e surfaces, the shift of center of pressure (positive

forward) is

(Ii: 0 --

(d o] M CL

L Ltot.

where 4 is the distance between the component and the ovvn -all center of
pressures. From Eq. (111:06)

(dCl) F z (IdC L

and so Eq. (111:07) reduces to

dC L

Lf kL

& tot.

which imphes that lor a positive M gradient (diverging flow) the true

center of pressure lies aft of the measured position, and vice-versa for

a neg tive gradient.
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Table I

Potential-Fle-- Nozzle Coordinates and Mach-Number Variation

(a) Md = 1.5oo, 'd = 0.150, So <

x y
- .0050 - .0048875 .1499914 1 .0202

- .0100 - .0097750 .1499903 1 .0156

-. 0150 - .0146624 *14999b7 1 *.O9SF
-. 0200 -. 0195498 . 1500106 1 .0043

-. 0250 -. 0244371 .1500320 .9988

- .0300 - .0293 244 , 1500608 .9932

- .0400 -. 0390986 *1501408 .9521

- .0500 -. 0488722 *1502507 .9711

-. 0600 - .0586451 .1503905 .9602

- .0700 - .0684 173 . 1505597 .9490

-. 0800 -. 0781865 . 1507592 .9386

- .0900 -. 0879586 .1509862 .9280

- .1000 - .0977275 , 1512469 .9174

- .1100 -. 1074951 . 1515352 .9069

. 1200 - .1172611 * 1519532 .8965

.1300 - .1270256 * 1522008 . 8862
- 1400 - .1367883 .1525779 .8760

-. 1500 - .1465491 .1529846 .6659

- .1600 -. 1563078 .1534208 .8559

- .1700 -. 1660645 .1538^59 .8456

-. 1800 -. 1758188 .1543817 ,8366

- .1900 - .185570"7 . 1549062 .8263

-. 2000 - .1953200 . 1554602 .8166

.2100 -. 205067 ,156044 .8070

-. 200 - .214810 . 156656 , 79"6

- .2300 -. 224551 , 157298 .7882

- .2 00 -. 234289 .1579GS .7789

- 2500 - .244023 ,158670 76q6

. 260C - .253755 ,159399 .7605

- 2700 - .263482 .160158 .7515

- .2800 - .2 732 .) & . 160946 .742:

- 2900 - 282t2b * 161763 . 7337

- *5000 - .29643 .162f09 .7250

- : 100 .30-355 16.348 4 .7"C64

-. 3200 -. 312063 .164388 7078

- .3300 - .3p 176C . 1653i 1 6S,94

- .3400 - . 331,d 66 . I C 2b (a 3 10

- .3500 - .3411 60 , 107'. 74 *6827

- . :3600 - .350850 . I A,9_ .,?4 *6745

- .3700 - *3 L0 5 35 * 16SO 3,.2 u 7

-.3800 - .I 702 1 . 170420 6t8s .

.3900 - .379890 ,171526 6506

.4000 - .389560 ,172661 .6428

.4100 - .399224 ,17382," .6351)

- 4200 - .408813 ,175016 .6274

- .4300 - .418536 ,176 2 37 . 199

- .4400 - . 42818 3 . 17748 , * . 1 Z#4

-.4!60 0 - .43782- . 1 7 876 3 . 60. 1
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Table 1 (Continued)

(a) Md = .SOO '1 d -0.1SO. <

x y M
- 4600 - 447460 .180069 .5978

- .4700 -. 457089 .1A1404 .5905
- .4800 - .466712 .182767 .5836
- .4900 - .476328 . 184158 . 5766
- .5000 -. 485938 . 185577 .5697
- .5100 - .495540 .187025 .5628
- 5200 - .505136 .188501 .5561
- .5300 - .514725 . 190005 . 5495
- 5400 -. 524307 .191537 .5429
- .5500 - . 5338P, .193097 .5364
- .5600 -. 543449 . 19469 .5300
- 5700 - .553008 .19630 .5237
- .5800 - .562560 .19794 .5175
- 5900 - .572104 .19962 .5114
-. 6000 - .581640 .20132 .5053
- .6100 - .5911 68 .20304 .4993
- f200 - .600688 .20480 .4934
-. 6300 -. 610199 .20658 .4875
-. 6400 -. 619702 .20839 .4812

- .6500 - .629196 .21023 .4761
-. 6600 - .638681 .21209 .4705
-. 6700 - .648158 .21399 .4650

-. 6800 - . 657625 .21591 .4596
-. 6900 -. 667084 .21785 .4542
-. 7000 -. 676533 .21983 .4489
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Table 1 (Continued)

(a) Md = 1.500 , d = 0.150' ( < )

x y M

.0000 - .0000924 .1500182 1 .0269
.0050 .0048875 . 1500049 1 .0326
.0100 .0097750 .1500396 1 .0383
.01 bO .0146624 * 150070"7 1 . 0440
*0200 .01954-98 .1501093 1.0497
.0250 .0244371 .1501554 1.0555
.030' .0293244 .1502090 1 .0613
.0350 .0342 115 . 1502701 1 .0671
.0400 .0390986 .1503387 1 .0729

.0450 .0439855 .1504148 1.0787

.00500 0488722 .1504985 1.0846

. 0550 *0537588 . 1505898 1 .0905

.0600 .0586451 .1506885 1 .0964
.0650 .0635313 , 1507948 1 . 1023
.0700 .0684173 .1509086 1.1082
.0750 .0733030 .1510300 1. 1141
.0800 .0781885 .1511590 1.1201
.0A5 0 .0830737 . 1512955 1 .1261
0900 .0879586 .1514395 1 1321

.0950 .0928432 * 1515912 1 .1381
*1000 .0977275 . 1517504 1 .1441

. 1050 .1026115 * 1519172 1 . 1502

.1100 .1074951 .1520915 1 .1562
*1150 .1123783 .1522735 1 . 1623
. 1200 1172611 * 1524630 1 . 1684
.1250 . 1221 436 * 1526602 1 . 1745
.1300 . 1270256 . 1528649 1 . 1806
.1350 .13 19071 .1536772 1 . 1868

*1400 . 1367883 • 1532972 1 .1929
I A 050 • I A Im_ A5 $ a9 •1 5 3 5 2 4 A I 919 1

.1500 .1465491 .15375.9 1.2053

. 1550 , 1514287 . 1540028 1 .2115

.1600 .1563078 .1542532 1.2177
1650 .1611864 1S45 113 1 .2239
1700 . 1660645 , 1547770 1 . 2302

.' 750 . 1709419 . 1550'503 1 . 2365
1600 *1 758188 . 1553313 1 . 24=7

.1650 .1 806950 . 1556200 1 2490

.1900 1855707 .1559163 1.2553

.1950 .1904457 o1562?03 .2616

.2000 .1953200 .1565.20 1.2679
20 50 2001937 .1568 5 13 1 27-.Zo

.2100 2L50 66 .1 Z71783 1 .2807
.2150 099389 .1575 131 1 .2871
.2200 2148104 * 15780 55 1 * 2934
.2250 2196812 .158205'p 1 .' 998
.2300 2245512 .1585634 1.3063

.02350 2294,OS .1589290 1 .3127
.2400 2342890 .1593022 1 . 3191
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Table I (Coatinued)

(a) Md = 1.500, d = 0.150, (4< 

x y m

.2450 2391566 .1596839 1.3256

.2500 24402:-. 4 .1600719 1 .3320

.2519887 2459590 .1602288 1.3346

. 2 6Ou .2=...7. . 08 I .34#3

.2800 .27320 .16257 1 3746

.3000 .29264 . 16439 1 . 4012

.3200 .31206 . 16633 1 . 4280

.3400 .33147 0 16840 1 . 4550

.3600 .35085 117059 1 .4822

.3800 .37022 . 172S2 1 .5096

.4000 .38956 . 17536 1 .5371

.4200 .40888 .17794 1 .5649

,4400 ,42818 . 18065 1 .5929
.4600 ,44746 .18348 1 .6211

.4800 .46671 .18644 1.6494

.5000 . 48594 . 18954 1 .6780

.5200 .50514 .19276 1.7068

.5 400 .52431 .19612 1 .7358

.5600 .54345 .19961 1 .7650

. 5800 . 56256 . 20324 1 .7944

.6000 .58164 .20700 1 .8241

.6200 *60069 .21089 1 .8540

.6400 .61970 .21493 1 . 8842

.6600 ,63868 .21910 1 .9147

.6800 .65763 .22341 1 .9454

.7000 .67654 .22787 1 .9765

.7200 .69540 .23246 2.0079

.7400 ,71423 .23720 2 .0398

.7600 .73302 .24209 2 .0719
,7800 .75177 .24712 2 . 1045
.8000 .77048 .25230 2 1375
.8200 .,78914 . 2 t7b~i x • i 7 i 1

.8273946 .79604 .29565 2 . 1380

Jflection point for M'= 1.50 nossle
Inflection point for M 3 3.00 no.3le; qd. 0.1 0 for both M a 1.50 and

3.00 nozzles.
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Table 1 (Continued)

(a) Md = 1.500, .Qt = O.1 1O, K > 4

x y

4d *4197225 ,6169718 ,17842t31 1 *5000

4175 b113218 ,1764211 1 4972

:4150 .6049944 ,1764071 1 4942

4125 .5986962 •1763tsi33 1 4-4 11

*4100 ,5924271 * 1763497 1 4881

*4075 •5861865 * 1763066 1 .4850

.4050 ° 5799746 •1762541 1 4820

.4025 .573"/910 * 1761924 1 . 47i 0

4000 •5676353 *1761215 1 4760

3975 .5615075 .1760416 1 .4731

.3950 .5554074 .1759536 1 .4702

*3925 *5493345 01758556 1 .4673

*3900 .5432888 .1757497 1 .4644

3875 ,5372701 .1756354 1 .4616

3850 .5312779 * 1755127 1 .4587

3825 .5253123 . 1753820 1 .4559

*3800 .5193731 .1752434 1 4531

3775 .5134597 *1750966 1 .4503

3750 .5075723 *1749422 1 44 7'

*3725 .5017106 .1747802 1.4447

.3700 04958742 .1746107 1 .4420

3675 .4900631 ,1744338 1 .4393

*3650 ,4842770 .1742497 1 .4366

*3625 *4785158 .1740584 1 .4339

*3600 .4727792 . 1738601 1 *4313

3 5 7*5 4070670 . 1736549 1 *4286

"3550 .4613791 *1734430 1 .4260

3525 .4557153 .1732245 1 .4234

.3500 .4500753 . 1729993 1 .4208

"3475 .4444589 *1727678 1 .4183

3"4. 3 U .I jaa 8 b 1 17 7 IU O 1 .4 it) 1

3425 .4332966 172ie60 1 .4132

3400 4277502 .1720359 1 4107

.3375 .4222237 * 171 7798 1 .4082

3350 .4167260 .1715179 1 4057

*3725 .4112478 * 1712502 1 .4033

3300 °4057921 *1709769 1 400-

*3 2 7- .4C0 O ' 25 *l 0C 1 - ,S -

*3250 ,3949472 1704138 1 .,4961

*322 15 j895577 *1701243 1 3 W37

3200 03841900 .19& - 1 39 14

"3 1 75 3788438 1655'2S"* 1 .3890

.31 0 3735190 *1692250 1 . 3067

,3125 ,3612545 1 6 t.1.34 1 3844

.3100 .3620330 16860 10 1 *3 M 22

"3075 .3576716 *1682P p1 1 .3799

• j050 ,3524309 ,167958S 1 . 3777

.3025 , 3472 10o 1 67630 3 1 . 37 b"

.3000 03420 13 .1672979 1 . 37 33-
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Table I (Continued)

(a) Md = 1.500. d = 0.150. 0, >(i 1

x y

9d .4197225 .6169718 *17842t31 1 .5000

*4175 .61 13218 *1764211 1 .4972

:4150 .6049944 .1764071 1 4942

*4125 5986962 *1763k533 1 49 11

.4100 .5924271 *1763497 1 488 1

.4075 °5861865 *1763066 1 4850

.40 50 . 5799746 .1762541 1 4820

*4025 *573"1910 .1761924 1 47 0

4000 *5676353 .1761215 1 4760

3975 *5615075 .1760416 1 4731

,3950 •5554074 ,1759536 1 4702

*3925 .5493345 *1758556 1 4673

*3900 *5432888 .1757497 1 4644

,3875 5372701 .1756354 1 4616

.3850 ,5312779 .1755127 1 4587

3825 .5253123 . 1753820 1 .4559

.3800 .5193731 .1752434 1 4931

,3775 .5134597 . 1750966 1 .4503

*3750 .5075723 *1749422 1 .447--

*3725 .5017106 .1747802 1.4447

,.3700 14958742 01746107 1 .4420

3675 .4900631 * 1744338 1 .4393

*3650 *4842770 .1742497 1 .4366

3625 .4785158 .1740584 1 .4339

3600 .4727792 . 1738601 1 . 4313

.3575 .4670670 . 1736549 1 .4286

.3550 .4613791 . 1734430 1 .4260

,3525 .4557153 .1732245 1 .4234

*3500 .4500753 .1729993 1 .4208

3475 .4444589 01727678 1 .4183

:3 4 JU .4 j a t b1 * 1 -f 'e5:4 0 1 . 4 1~ !I

.3425 .4332966 . 172l860 1 .4132

.3400 ,4277502 . 1720359 1 4107

, 3375 ,42222-7 , 171 7798 1 .4082

*3350 .4167260 . 1715179 1 4057

*3525 .4112478 *1712502 1 .4033

,3300 .4057921 *1709769 1 .400-

, :3 2 -9.40 O 5 * r, I7, 1 L3: =

.3250 .3949472 1 1704138 1 961

,3225 J 1895577 *1701243 1 .3 37

3200 .3841900 , 1696. "'6 1 .39 14

,317.D .3788438 ,16.Q52S"I 1.3890

.3150 03735190 01 t92250 1 .3667

*3125 036 2 545 . 16 P 1 .54 1 3844

*3100 .3620330 1686010 1 *3 M22

,3075 .3576716 o 1682P 19 1 ,3799

:3050 035P4309 .1679587 1 .3777

*3025 , 34'2 108 * 1676303 1 3"t b"

. 3000 ,3420 13 0 1672979 1 *37.
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Table 1 (Conkinuod)
(a) Md = z"Soo' qd" 0150- V" 61)

x y m
.2975 .3368321 .1669613 - . 3711
.2950 .3316732 . 1666206 1 .3689
.2925 .3265342 .1662760 1 .3668
.2900 .3214153 .1659274 1.3647
.2875 .3163162 .1655751 1.3626
. 2850 .3 112367 .1652190 1 .3605
.2825 .3061769 * .1648595 1 * 3584
.2800 .3011364 .1644965 1.3564
.2775 o2961 153 .1641301 1 .3543
.2750 .2911 135 .1637606 1.3523
.2725 .2861307 . 1633879 1 . 3503
.2700 .2811670 .1630123 1 .3483
.2675 . 2762221 . 1626338 1 . 3464
.2650 .27129^.1 . 1622525 1 . 3444
.2625 .2663889 o 1618686 1 . 3425
.2600 .2615002 . 1614823 1 . 3406
.2575 .2566302 . 1610936 1 .3387
.2550 925 17786 .1607025 1 . 3368
.2525 .2469455 ° 1603093 1 .3350
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Table I (Continued)

Ib) Md a 1.712, 'rd = 0.194, (t < 61)

x y U

- .0050 - .0048118 . 19398 1 .039

- .0100 - .0096236 *19 C)7 '1.033
- .0150 - .0144350 .19396 1 .028

- .0200 - .019247 . 1939" ; .022

- .0250 - .024059 , 19399 1 .016

- .0300 - .028870 . 19401 1 . 310

- .0350 - .033681 , 19406 1 .005

- .0400 - .038492 .19410 .999

- .0450 - .043303 . 19415 .994

- .0500 - .0481 14 .19421 .988

- .0550 - .052924 . 19430 .982

- .0600 - .057734 . 19438 .977

- .0650 - .062543 .19447 .971

- .0700 -. 067353 .19457 .966

- .0750 - .072161 19469 .960

- .0800 - .076970 * 19481 .955

- .0850 - .081778 .19494 .949

- .0900 - .086585 .19508 .944

- .0950 - .091392 . 19524 .938

- .1000 - .096199 . 19539 .933

- .1050 - .10100 . 19556 .928

- .1100 - .10581 .19574 .922

- .1150 - ,11062 . 19593 .917

- .1200 -. 11542 .19613 .912

- .1250 - . 12022 * 19634 .907

- 1300 - * 12502 .19655 .901

- .1350 - ° 12983 .1%678 .896

- .1400 - .13463 *19702 .891

- .1450 - 135D43 1Q727 .886

- .1500 - 14423 .19752 .880

- .1550 - ,1 4903 . 19778 .875

-- 1600 - 15387 .19806 .8"10

- 150 - 1 5862 ,1S834 .865

- •1700 - 16342 *19864 .060

-p1750 - .16821 .19094 .85b

. 1800 - .1730 1 ,199 25 . 850

- .1850 - 1 7780 -1,w % 57 . -. -

- . 1500 - .18259 .19990 .540

- .1950 -. .18738 *200 P4 .835

- .2000 - 19217 .2005.- .830

- .2050 - . 19696 .20095 .8 2

- .2100 -. 20175 .20132 .621

- .2150 - .20653 .20 170 .816

- .2200 - .21132 .20208 .8t 1

- .2250 -. 21610 .20248 .#%06

- .2300 - .22089 .2028e .802

- .2350 -. 22567 .20330 .797

- .2400 - .23045 .20372 . ? t 2

- .2A50 -. 23522 .20416 .7A7
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Table 1 (Continued)

(b) Md 1.712, 4d- 0.194, (< 1)

x yV 4

- .2500 - .24000 .20460 .783

- ,-Io - 24478 .20505 .778

- .2600 -. 24955 .205"51 .773

- .2650 - .25433 . 20 598 . 769

- .2700 - .25910 .20646 .764

- 2750 - .26387 .20695 .760

- 2800 -. 26853 .20745 .7 5

.2850 - .27340 .20796 .751

.- 2900 .27817 .20047 74C

- 2950 - 28293 .20900 .742

- 3000 - 28769 .20953 .738
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Table I (Continued)

(b) M d  1.712, d a 0.194 , (C < 41)

Sx y

.0000 - 0002586 *1940660 1 . 045

.0 100 .0096236 . SAO I 057

.0200 .01925 . 19418 1 .068

.0300 .02887 . 19434 1 .080

.0400 .03849 .19452 1 . 092

.0500 .0481 1 . 19475 1 . 104

.0600 .05773 .19502 1 . 116

.0700 .06735 *19533 1 .128

.0800 .07697 . 19567 1 . 140

.0900 .08659 .19606 1 . 153

.1000 .09620 .19648 1 .16

.1100 .10581 *19695 1 . 176

.1200 .11542 019745 1 .190

.1300 .12502 , 19799 1 . 203

*1400 .13463 . 19858 1 .215

,1500 0 1 442p *19920 1 . 228

.1600 .15382 * 19986 1 .241

.1700 * 16342 *20056 1 .254

.1800 ,1730 1 .20131 1 .267

,1900 . 18259 .20209 1 .280

.2000 .19217 .20291 1 .293

.2100 .20 175 .20377 1 .306

.2200 .21132 .20468 1 . 320

.2300 .22089 .20562 1 .323

.2400 .23045 .20661 1 . 346

.2500 024000 .20763 1 .359

.2600 .24955 ,20870 1 . 373

.2700 .25910 .20981 1 . 367

.P800 .26863 .21095 1 . 400

.2900 02781 7 .212 15 1 .414

.3000 ,28769 .21338 1.428

.30471 .2921e .21397 1 .. 4344

Jaflection point for M 1.712 nossle
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Table 1 (Continued)

(b) Md = 1.712' 'Id 0.194, (4 > 91)

x y U

Ed = .*59077 5444 .261 7 1 1 .7120

.5850 .93788 .26167 1 .7049

.5800 -€2369 .26160 1 . 6988

.5750 .90966 .26150 1 .6927

.5700 .89566 2 6 133 1 .09868

.5650 *88184 .261 12 1 .6809

.5600 . 86813 .26090 1 ,6750

.5550 , 85451 .26061 1 .6b92

.5500 *8410 1 .26029 1 .6634

.5450 .82765 .25995 1 .6576

.5400 .81435 .25955 1 .6520

.5350 .80121 .25913 1 .6463

.5300 .7881 6 ,25866 1 .6407

.5250 .77522 .25818 1 . G352

.5200 *76237 .25765 1.6297

.5150 . 74962 .25708 1 .6242

.5100 *73699 .25650 1 .6188

.5050 •72446 .25587 1 .6135

.5000 .71202 025522 1 .6081

.4950 .69967 .25454 1 .6029

.4900 •68741 .25383 1 .5977

.4850 •67527 .25310 1 .5925

*4800 .66322 .25234 1 . 5874

*4750 •65124 .25154 1 . 5823

.4700 •63937 .25072 1 .5773

.4650 .62759 .24989 1 .5723
*4600 ,01b69 024901 1 . 5673

4550 ,60428 o24814 1 . 5624

.4500 .59276 .24721 1 .5576

.4450 *5813 1 .24628 1 5528
4 )400 .8998 ,2d 534 i 0 0

.4350 . 55872 .24436 1 . 5433

.4300 ,54753 o24337 1 . 5366

.4250 .536.43 .24234 1 . 5340

.4200 .52540 .24 132 1 .5294

.41-650 .51446 024026 1 ,524r.

.4100 .50360 .23920 1 .5204

.140 0 .42253 .23811 1 .51 9

.4000 .48211 o22700 .31O4

.3950 047149 .23589 1 05071

.3900 .46095 ,231 4 " 1* 5028

.3850 . 4504 7 .2336 1 1 . 7!8-

.3800 .44006 .3249 1 . 4942
, 37.0 * 42S97 2:. *231 J-0 1 .4900

.3700 .411947 .2300 1 .4858

.3650 .4,0 21 .220S1 1.4817

. 3600 . i9919 .2277C. 1 .4776

.3550 .36915 .22649 1 .4735

.3.RO0 .37919 .22526 1 .4695
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Table 1 (Continued)
(b) Md 1.712, 'd 0.194, (4> 61)

x y m
,3450 .36930 .22404 1 .4655
.3400 .35949 .2;2C0 I .4615
.3350 .34973 .22156 1 . 4,., -7 6
. 3300 .34006 .22032 1 .4537
.3250 .33046 .21907 1 .4498
.3200 .32091 .21781 1 . 44050
.3150 .31144 .21655 1.4422
.3100 .30204 .21530 1 . 4384
.30 50 .2927 1 .21404 1 .4346
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Table I (Continued)
(c) Md = 2.250, d= 0.200, (9 < 4j)

x y M
- .0150 - .0146814 .2000307 1 .0339
- .0200 - .0194752 .2000353 1 .0281
- .02 50 - .0242748 .2000499
- .0300 - .0290715 2000tr
- .0350 - .033 68.3 .200 1091
- .0400 - .0386420 .2001536 1 .0051
- .0450 - .0434617 .2002081

- .0500 - .0462583 .2002725

- .0600 -. 0578510 .2004311 OP265
- .0700 - .0674430 .2006294
- .0800 - .0770339 .2009672 .9602
- .0900 - .0866236 .201 1446
- .1000 - .0962118 .2014614 .9383
- .1100 - .1057983 .2018174
- .1200 - .1153827 .202212o .9166
- .1300 -. 1249649 .2026473
- .1400 -. 1345446 .2031210 .8978
- .1500 - .1441216 .2036337
- .1600 - .1536956 .2041854 .8750

1- 1700 - .1632663 .2047760
- .1800 - .1728336 .2054055
- . 1900 - .1823973 .2060737

- 2000 - .1919570 .2067806 .8349
- .2100 -. 2015125 .2075260
- .2200 - .. 110637 .2083101
- .2300 - .2206102 .2091326
- .2400 - .2301518 .2099935 .7962
- .2500 - .2396884 .2108927
-. 2600 -. 2992196 .n11S301
- .2700 -. 2587453 .2128057
- .2800 - .2682652 .2138 194 .7592
- .2900 - .2777791 .2146711
- .3000 - .2872868 .2159608
- .3100 - .2 9657L 0 .21 70883
- .3200 - .3062 -e6 .*2162535 .7238
- .3300 - .3157702 .2194565
- .3400 - .3255207 .2206971
- .3500 - .2347239 .22 19753
- .3800 - .3441895 .22-R2909 .6900
- .3700 -. 3536473 .2296436
- .3800 - .3630971 .2260341
- .3fO0 -. 7.3 25387 .22' 4s 16
-- 40,)0 - .3819718 .2289262 .6577
-. 4100 -3923963 ,2304. 7S

-. 4200 -. 4008120 .231S564
-. 4300 -. 4102186 .2335419
-. 4400 -,4196159 .2351541 .626S)
- .4500 - 490036 .23680-"0
- .4600 . *43A38 17 .2384P8
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Table I (Continued)

(c) Md = 2.250, = 0.200, (4 <

x y
- .4700 -. 4477199 .2402106
- .4800 - .4571079 .2419690 5977
- . "900 - AfK4557 .2437637
- .5000 - .4757929 .2455948
- .5100 .4851 193 .2474619
- .5200 -. 4944348 .2493650 .5698
- .5300 - .5037392 .2513041
- .5400 - .5130322 .2532790
-- 5-00 - .5223 137 .2552897

- .5600 - .5315835 .2573360 5434
- .5700 -. 5408413 .2594179
- .5800 - .5500870 .2615351
- .5900 -. 5593204 .2636877

- .6000 - .5685412 .2658756 .5184
- .6100 - .5777494 .2680985
- .6200 - .5869446 .2703565
- .6300 -. 5961268 . 2726494
- .6400 -. 6052956 .2749771 .4947
- .6500 -. 6144510 .2773304
- .6600 -. 6235928 .2797364
- .6700 - .6327207 .2821678
- .6800 - .6418346 .2846336 .4722
- .6900 - .6509343 . 2871335
- .7000 - .6600 196 .2896677
- .7100 - .6690901 .2922358
- .7200 - .6781 463 .2948378 4501
- .7300 - .6871874 .2974736
- .7400 - .6962135 .300 1431
- .7500 - .7052242 .3028461
- .7600 - .7142 195 .3055825 .4309
- .7700 - .7231993 .3053522
- .7800 - . 7321 632 .3111550
- .7900 - .7411 1*2 .3139W09
- .8000 - .7500,031 .2 1 f8598 .4119
- .8100 - .7589588 .3197614
- .8200 - .7678580 . 322R957
- .8300 -. 7767406 .3.256625
- .8400 - . f8mbtub4 . ,a o e 1*. 39
- i 8500 - .7944554 .3316933
- 8600 - .8032873 .3347570
- .8700 - .8121 019 .33785-7
- . 8800 - .8208992 .340S8L.4 .376
- .5900 - .8296790 .3441397
- .QO00 - .8384411 .3473307
- .9100 - .8471 A 4 .3505532
- .9200 - .8559117 .3538071 .3609
- . 9300 - . 8946199 357092P
- .9400 - .8733099 .3604083

eta ,-9815 .3637555
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Table I (Continued)
(c) Ud 3Z-230, vi C.Z009 (I < 1

x y U
- .9600 -. * 906345 .3671335 .3457

.9700 - .8992689 .3705421
- .9800 -. 90788 44 . 3 73 9 a 1

WADO TR 54-279 IS0



Table 1 (Continued)

Wc) Md z.z50, = o.0zo, (9 <

x y

.0000 .0002921 .2000768 1 *0i0 2

.01 25 *0 116973 •2001A 42 1 0651

.0150 .0140954 .2002 132 1 0693

.0175 .0164931 .200244b 1 .0723

.0200 .0188907 .2002780 1 0753

.0250 .0236856 *200 1545 1 *O 1j

*0300 .0284802 .2004402 1 0973

.0-.50 ,0332744 .2005360 1 0933

,0400 ,0380682 .2006420 1 05094

.0450 .0428615 .2007580 1 1055

.0500 .0476544 .2008842 1 1116

.0S50 .0524467 .20 10205

.0600 .0572384 .2011670 1 . 1239

.0650 .0620 295 .2013237

.0700 *0668200 .2014905 1 . 1363

.0750 .0716099 .2016675

.0800 .0763990 .2018547 1. 1487

.0850 .0811874 .2020521

.0900 •0859751 .2022597 1 .1613

n0Q 0 •n _07r-6 19 .2024776

.1000 .0955479 .2027057 1 . 1740

*.050 .1003330 .2029441

.1100 .1051 172 .2031928 1.1867

.1 150 .1099005 .2034517

*1200 . 1146827 .2037210 1 .1995

.1250 •1194640 .2040003

*1300 .1242442 .2042904 1 .2124

.1350 .1290233 .2045907

*1400 .1338013 #2049013 1 .2254

.1450 •1385781 .2052223

.1500 .1433537 .20 55536 1 .2365

15501 4f% 1 28 1 20 8954

.1600 .1529013 .2062476 1 .2517

.1650 *15767J1 .2066102

.1700 *1624435 M069833 1 .2650

.1750 .1672126 .2073668

.1800 .1719802 .207"r608 1.2783

.1850 01 167464 .2081653

. 9 00 0 1 1 1 piIt III .. U 8s=0.50 I.dW

.1950 . 1862742 .2090059

*2000 ,1910358 ,2094421 1 .3053

.2050 f1957957 .20988.-8

*2 100 .2005540 ,210S4t.0 I .31e.)

*21 50 .2053 106 .2108139

.2200 .2100655 .2112924 1 .3326

.2250 .2148186 . 2117816

.2300 ,219.5619 .212281-, 1 3463

@2350 .2243193 .2127919

.2400 .2290668 21 331 31 1 .3602
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Table I (Con inued)
I 't...

Md = 2.50. rd 0,200, (C < 4)

x y M

.2450 .2338124 ,2138451

.2500 .2385560 .2143877 1 .3742

2550 .2432976 .2149412

.2600 .2480371 .21 55054 1 .3882

.2650 .2527745 .2160805

. 2700 , 2575098 .2166664 1 .4023

.2750 .2622429 .2172631

2800 .2669738 .21 7870 ?7 1 4166
.2850 .2717024 .2184893

.2900 .2764286 .2191187 1 4a09

.2950 .2811526 .2197591

.3000 .2858741 .2204105 1 .4453

.30 50 .2905931 .22 10729

.3100 .2953097 .22 17464 1 .4598

.31 50 .3000237 .2224309

.3200 .3047352 .2231265 1 4743

.3250 .3094440 .2238332

.3300 .3141 502 .2245510 1 4890
,.3350 .3 188536 . 22 5280 1

.1400 .3235543 .2260203 1 .5038

*3450 .328252 1 .2267718
.3500 .3329471 .2275345 1 .5187

*3550 .3376392 .2283085

.3600 . 3423284 . 2290939 1 .5336

.3650 .3,s70145 .2298906

*3700 .3516976 . 2306988 1 5487

.3750 .3563775 .2315183

.3800 .3610544 .2323494 1 .5638

.3850 .3657280 .2331919
13900 .3703984 .2340460 1 .5791

.3950 .3750655 .2349117

.4000 .3797292 . 2357889 1 . 5D45
40 50 .3843895 .2366779
4100 .J890464 .2375785 1 .6100

.4150 .3936997 .2364909

*4200 .3983495 .23L)4 150 1 .6255

.4250 .4029957 .2403510
,4 300 .4076382 . 241 :989 1 ,6412

.4350 .4122770 .2422586
4 4 %-- . 4 . , c- 1 20, . ':- 4 3 :':." %" 3_ -. ,, , f

04450 .42 15432 .2442140
.4500 °4261705 °24 5.08 1 .6730

.4550 .4307938 .24621 6
,4 600 .43r 4 " J2 .24 723't6 I . 6aS 'n

54650 .4410285 .2432698

*4700 *4446397 .249 1 34 1 .7052
.47%0 4492467 .25037 10
*4800 *4538494 .251-440', 1 .721S
WD .454479 .2525216
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TabIc 1 (Continued)
(c) Md = 2.20so 'Id = 0o200, (4 <

x y
.4870485 .4603306 .2529683
*4900 .4630421 .2536155 1. 7400
• 4950 . 4676318 . 2547220

. z0 00.*4722170 .- 558410 1 . 7545

.5050 .4767977 .2569727

.5100 04813738 .2581 171 1 .7712

.5150 *4859453 . 2592743

.5200 .4905120 .2604442 1 .7880
. 520 4950740 .6 16271

.5300 *4996311 .2628229 1. 8050

.5350 05041833 .2640317

.5400 .5087305 .2652536 1 .8221

.5450 *5132726 .2664886

.5500 .5178097 .2677369 1 .8394

.5550 ** 5223415 .2689985

.55805 52877 .26833 1 .8110

Inflection point for M 2.250 nozzle
iliection point for M = 2.300 nozzle; Id = 0.200 for both M = 2.250 and 2. 500noz31 s.
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Table 1 (Continued)

(c) Md = 2.250, nd 0.200, (

x 7 m
9d=1 .o471o79 1 .8922079 .4192871 2 2500

1 .0450 1 .8846874 .4192830
1 .0400 1 . 8869375 .41W242_3 2.2421
1 .0350 1 .8493124 .4191586
1 .0300 1 .8318105 .4190324 2.2311

1 .0250 1 .8144306 .4188639
1 .0200 1 .7971709 .4186542 2.2201
1 .0150 1 .7800304 .4184038
1.0100 1 .7630074 *4181124
1.0050 1 .7461010 *4177A34 2 .2038
1 .0000 1 .7293099 .4174147 2 . 1984

. 99!30 1 .7126326 .41 70074

.9900 1 .6960681 .4165627

.9850 1 .6796152 .4160808

.9800 1 .6632727 .4155622 2. 1769

.9750 1 .6470395 .4150077
09700 1 .6309142 .4144177

.9650 1 .6148961 .4137928

.9600 1 .5989840 .4131334 2 . 1557

.9550 1 .583176a .4124402 2 . 1505

.9500 1 .5674734 *4117136

.9450 1 .5518729 °4 109542

.9400 1 .5363742 .4101623 2 . 1349

.9350 1 .5209766 .4093384

.9300 1 .5056786 .4084834 2. 1245

.9250 1 .4904796 .4075972

.9200 1.4753787 .4066806 2.1142

.9150 1 .4603749 .1057339

09100 1 .4454672 .4047576

.9050 1 .4306549 ,4037523 2.0990

.9000 1 .4159368 .4027189 2 .09* I

.8950 1 .4013125 .4016558

.8900 1 .38670307 .4005657

. 8850 1 .3721,409 .3294480

. 800 1 .3579920 .3983034 2 .0738

.8750 1 .3437335 .3971320

.8700 1 .3295643 .3959345

08650 1 .3 1540aft .. i47 1 12
.8600 1 .3014908 .3934626 2,0540
*855O 1.2875851 .39.1888 2.0491

.8500 1 .2737657 .39 c)03
09450 1 .2500317 ,3805".76
08400 I .Z'463826 ":288220W. 2.0345

.8350 1 .7323175 .3666507

.8300 1 . 2 13335 ,3094573 2 .0249
,8250 1 2059368 .3640408
*8200 1 926 1 S .3826020 . 0153
.8150 179335 ,381 1410

,8100 1 ,1062280 ,3196584

W TR 54-979 is



Table I (Continued)

(c) Md = 2.250, = 0.200, > I

x y M

.8050 1 . 1531524 .378 1540 2. 0010

.8000 1 . 1401 560 .3766286 1 . 9964

.7950 1 . 1272382 t3750824

*7900 1 .1143981 .3735157

.7850 1 .10 16353 .3719208

.7800 1 .0889491 .3703221 1 .9776

•7450 1 .0763388 .3686958

.7700 1 .0638038 03670504

.7650 1 .0513436 •3653859

.7600 1 .0389574 .3637030 1 .9592

.7550 1 .0266348 .3620018 1 . 95-47

7500 1 .0144051 .3602826

7'7450 1 .0022375 .3585458

.7400 .9901418 .3567916 1 .9411

*7350 09781 173 .355020A

.7300 •9661634 .3532324 1 .9321

.7250 *9542794 .35 14280

.7200 .9424651 .3496075 1 -2:33

.71 50 •9307196 .3477710

•7100 .9190425 .3459192

.70 50 09074332 .3440521 1 .9100

.7000 •8958913 .3421702 1 .9056

•6950 •8844163 .3402735

.6900 *8730075 •3383E27

*6850 .8616646 .3364378

. 6800 .8503868 .3344994 1 . 8 83

.6750 .8391740 .3325475

*6700 .8280254 *:J305827

S6650 .8169406 .3286051

• 6600 .8059191 .. 32661S I .871n -

.6550 .794960t .*3246133 1 .8670

.6500 07840643 .?2 25997

.6450 .7732"J00 *.-41205746

.6400 07624571 .3185386 1 .8545

.e350 7517453 .3164919

*6300 .7410940 .3 4 4-48 1 A 4 6 1

.6250 .7305027 .3123678

.6200 .719971 1 .3102912 1 83 '-

•051 . n 1*7094987 .'4082053

06100 .6"990852 .3061 1V'2

.0050 6887299 •30 4CJ72 1 .8256

.6000 06784325 •30 1 8.,59 1 . 8:' 1 ' =

• a9!30 •6881926 • :997768

.5900 ,6580 098 .2976503

.5850 .6478836 .2955169
.5800 .6376 136 .29337v1 1 . 80E,4

.5790 . ,27799A , 2 S) I P.3 t 1

.700 661784U6 W8907"94

.5 6.s0 6079367 ,2669225
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Table 1 (Continued)
(c) Md - 2.250, 'Id = 0.200, ( > 91)

x y
.5600 *598087A .284 607 1 .7895
.5550 .5882923 .2825947 1 .7856
.5500 .5785509 . 2 8042e6
5450 . 568862,8 . 2i S 25 12

.3400 .5592277 .2760747 1 7738

.5350 .5496451 .2738957
5300 .5401 146 .2717147

.5250 .5306358 .269S322

.5200 .5212084 .2673486 1.7583

.5150 .5118318 .2651645

.5100 . 5025058 . 2629803

.5050 .4932298 .2607966 1 .7467
,5000 .4840035 .2586140 1 .7429
.4950 .4748266 .2564329
.4900 .4656985 .2542539
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Table 1 (Continued)

(d) M = 2.500, 0 O.200, ( > )

x y M

d= 1 .27934 2 .48765 52735 2. 50001 .2700 2 .44962 .52764
1 .2600 2 .41054 52"733 2 .4800
1 .2500 2 .37172 . 52 7O
1 .2400 2.33363 .52637 2 .4595

1 .2300 2 .29577 .52568
1 ,2200 2 .25855 .52480 2 .4392
1 .2100 2 .22163 .52383
1 .2000 2 .18539 .52259 2 .4190
1 . 1900 2 ,14928 .52 135

1 . 1800 2,11386 ,51991 2.3991
1 . 1700 2 .07862 *51838
1 , 1600 2 .04403 .51664 2 .3792
1 .1500 2.00967 051485
1 . 1400 1 .97583 .51287 2 . 3596

1 . 1300 1 .94221 .51084
1 .1200 1 .9091o .50862 2 .3400
1 . 1100 1 .87638 .50635
1 , 1000 1 .84406 .50388 2 .3206
1 .0900 1 .81192 .50141
1 .0800 1 .78030 ,49873 2 . 3013
1 .0700 1 . 74895 ,49603
1 .0650 1 . 73341 .49456
1 .0600 1 .71807 049312 2 .2821
1 .0550 1 .70270 ,49168
1 .0500 1 .68738 *49021
1 .0450 1 .67222 ,48869
1 .040C 1 .65713 .48712 2.2630
1 .0350 1 .64212 ,48558

1 .0300 1 .62710 ,48402

1 .0250 1 .61228 ,48240
1 .0200 1 .59752 ,.48075 2 2441

1 ,0150 1 .58278 *479 10
1 .0100 1 .06816 ,47741

1 .0050 1 .55365 .47570
1 ,0000 1 .53925 .47395 2 .22.;.

.9950 1 . 5248a 0 .47219

.9900 1 .51049 ,4 f4144

.9850 1 .49627 .46862
9800 1, 48217 , 46E Z1 2 . 2063

.9750 1 .46805 .46AS6

.9700 1 .45405 ,4631 1
09650 1 ,,4014 .4G 1 -2

.9600 1 .42637 .45931 2 . 1570

.9950 1 ,41253 .45740

.9500 1 4359881 4545

.9450 .. 1.,38323 .45345

.9400 1,37170 .45149 l , 1e 9

.9.so 1.351816 ,44946

Seo' Table I (c) for coordinates upstreoiv, of idlection P01r"t.
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Table I (Cotinued)

(d) Ud = 2.sOO, 'nd = OZO00, (4> 4

x y m
.9300 1 .34475 .44747
.9250 1 .33141 .44542
.9200 1 .31822 .4-397 2 1502
.9150 1 .30497 .44130
.9100 1 .29183 .43922
.9050 1 .27883 .43707
.9000 1 .26566 .43494 2 . 1315
.8950 1 .25293 .43279
.8900 1 .24005 .43063
.8850 1 .22733 .42645
.8800 1 .21465 .42624 2 . 1129
.8750 1 .20198 .42403
.8700 1 .18939 .42 181
.8650 1 .1 7692 .41.958
.8600 1 .16453 .41729 2 . 0943
.8550 1 .15215 .41503
.8500 1 . 13985 .41273
.8450 1 .12768 .41044
.8400 1 .11557 .40811 2.0757
.8350 1 .10346 .40579
.8300 1 .09139 .40345
,8250 1 .07943 .40109
.8200 1 .06758 .39871 2 .0571
.8150 1 .05571 .39634
.8100 1 .04393 .39397
.8050 1 .03224 .39156
.8000 1 .02064 .38914 2 .0385
.7950 1 .00903 .3 671
.7900 .99750 .38429
.7850 .98606 .30185
.7800 .97470 .37940 2.0199
.7750 .96334 .37695
.7700 .95207 .37448
.7650 .94092 , 3-f 203
.7600 .92979 .36953 2.0013
.7550 .91866 .36702
.7500 .90764 .36452
74..0 . .36204

.7400 .88587 .35954 1 .9826.7350 ,87499 .35702

. -?300 .88420 ,3545'.

.7250 .85352 .35199.7200 8.4290 ,3,94P I .9839

.715C .83227 34693.7 10.c .82175 ,24440

.7050 .81128 .34186
,1000 0092 .3933 1.432
.690 1o93 323679
.6900 .78022 .3342S6

WADC TR 34-170 166



Table I (Coutizued)

z y
.6850 ,7700 1 ,33171
. 6800 . 75987 .32,918 1 .9264
.6750 .74971 .32663
.6700 .73963 .32408
.6650 .72959 .32 153
.6600 .71972 .3190" 1 .9076
.6550 .70980 .31646
.6500 .69994 .31393
.6450 .69017 .31 141
.6400 .68049 .30888 1 . 5888

6350 .67077 .30633.6300 . 661 15 .303862

.6250 . 65159 .30 1 3C.6200 .64214 .29880 1 .8699
6150 .63264 .29629
6100 .62322 .29379

.6050 . 613a1 .29130

.6000 .60465 .28864 1 .8510

.5950 .59538 .28634

.5900 .58618 .28387
.5850 . 57707 .28143
.5800 .56803 .27899 1 .8319
.5750 .55897 .27653
.5700 .54996 .274()S
.5650 .54107 .271613
.5600 .53223 .2 S927 1 .8129
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Table I (Continued)
I -t %I =2.40

x y m

-. 0150 - .0147312 * 1600 15 "  1 .*0147
- .0200 - .0196018 . 16CC278 1 .0095
- .0250 - .0244724 . 1600484

- .0300 - .0293430 . 1600770
- .0350 - .0342135 * 1601136
- .0400 .0390840 . 1601582 9s70
- .0450 - .0439544 * 1602107
-. 0500 - .04002-,6 .1602712
-. 0600 -. 0585648 .1604160 .9649
-. 0700 -. 0683044 .1605926
- .0800 - 0780431 . 1608010 .9432
-. 0900 - .0877809 . 1610411
- .1000 - .0975176 . 1613129 .9218
- .1100 - .1072529 .1616163
-. 1200 -. 1169869 ,1619513 .9008

. 1300 - .1267193 . 1623179

-. 1400 -. 1364494 .1627160 .8601
- 1500 - .1461 787 ,163 1456

-. 1600 - . 1559054 . 1636066 . 8598
- 1700 - .1656299 .1640991

-. 1800 - .1753520 . 1646229
. 1900 - .1850717 .1651781
.2000 - .1947887 .1657646 .8207

-. 2100 - .2045028 . 1663623
- .2200 - .2142140 .1670313
- .2300 - .2239221 .1677114
- .2400 - .2336270 .1684227 .7824
-. 2500 -. 2433284 .1691651
-- .2;00 - .2530262 .1699386
- .2700 - .2627204 . 1707431
- .2800 - .2724107 .1715787 .7460
- .2900 - .2820P69 .1724452
- .3000 - .2917790 .1733425
-. 3100 - .3014569 . 1742708
-. 3200 - .3111302 .1752299 .7 111
- .3300 - .3207990 .1762198
- .3400 - .3304630 ,1772404
- .3500 - .3401 222 . 1782918
- .3600 0 .3497763 . 179: 736 .6776
- .3700 - .3594252 . 1804C.64
- .3800 .3690668 . 1816296
- .3900 -,3 87069 ,182a 135
-. 4000 -. 2883394 .1840075 .6458
-. 4100 -. 3079662 .1852422
- °4200 - ,4075871 , 186072
-°4300 --. 4172019 .1876027
-. 4400 -,42886 0 , 1 891 26-4 3
- .4.s00 #42 4120 .1*04844
- .4800 - .,448008 ,1916705
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Table I (Continued)

(e) Md  2.750, qd (0 ". 3

- .4700 -. 4555980 '. 1932869
- .4800 -. 4651805 . 1947334 .5864
- .4900 - .4747562 .1962099

- .5000 - .4843248 .1977164

- .5100 -. 4938862 .1992529

- .5200 - 5034403 .2008193 . 5589

- .5300 -. 5129871 02024156

- *5400 - .5225262 .2040416

- .5500 - 5320576 .2056974

- .5600 - 5415812 .2073829 .5327

- .5700 -. 5510967 .2090981

.- .5800 - .5606042 .2108428

- .5900 - .5701034 .2126171

- .6000 - .5795942 .2144208 .5079

- .6100 - .5890765 .2162539

- .6200 - .5985502 .2181164

- .6300 - .6080150 .2200082

- ,6400 -. 6174709 .2219293 . 4844

- .6500 - .6269178 .2238795
- .6600 - 6363555 .2256589

- .6700 -. 6457838 .2278673

- .6800 -. 6552028 .2299047 .4621

- .6900 -. 6646121 .2319710

- 7000. - 6740 117 .2340662

- .7100 , 6834015 .2361902
- .7200 - .6927814 .2383430 ,4410

- .7300 - *7021 51 1 .2405244

- .7400 -. 71 15107 .2427345

- .7500 -. 7208598 .2449731
- .7600 -7301906 .2472402 .4210

- .7700 - .7395267 .24953%7

-. 7800 -,7488441 .2518595

-. 7900 - .7581507 .2542116

-. 8000 - 07674463 .2565920 .4021

- 0100 -. 7767308 .2590004
. .8200 -7660041 .2614370

-. 8300 - .7952661 .2639015

- .400 - . 8045 166 .2663939 , 3843

-. 8500 -. 8137556 ,268&'Vt42

-,8600 - .8229826 .2714623
" 8700 - ,8321383 .27403d1

, 8800 - .d14016 , 2Y6615 . 3674

.- 3VO0 " ,8505933 ,2792725

.9000 .,8597726 28 1 309

- ,9100 -86OW397. 28 A6 1 8 S
-S,200 ,8760943 ,2813299 3% 14

-. 9300 -,88?2365 .290604

- ,9400 - ,896i660 ,2928*fS0
-. ,95 00 - ,S0O5d182 , 250 832P

191 WAIDC tft 5-4?9



Table I (Continued)

(a) Md .Z.7-O, qd 41%.1, (

x y, U
- .9600 - .9145868 .2904544 3363
- .9700 - .923677 8 ._ 13030
- .9800 - .9327558 .3041785
- .9900 - .9418205 .3070808

Drc In



Table I (Continued)
(e) Md = Z.7So vid = 0.160, (t <

z y

.0000 -. 0001 197 . -600252 1.0316
.0125 .0120561 .1600s86 1 .0465

.0150 .0144912 . 1601073 1 .0494

.0175 .0169262 -. 1601280 1.0523

.0200 .0193612 . 1601507 1 .0552

.0250 0:W42311 .1602021 1 .0610

.0300 .0291006 * 1602616 1 .0669

.0350 .0339703 . 1603291 1 .0727
*0400 .0388395 .1604046 1 .0786

.0450 .0437065 .1604882 1 .0845

.0500 .0485773 . 160b7W9 I . 0W04

.0550 .0534457 .1606796

.0600 0583139 * 1607874 1 1023

.0650 *06318 17 . 1609032

.0700 *0660492 * 1610271 1 . 1143

.0750 .0729 163 • 1611591

.0800 .0777830 . 1612992 1 1263

08so .0826493 .1614474

.0900 .0875152 .1616037 1.1385

.0950 .0923806 . 161 7681

.1000 .0972456 • 1619406 1 . 1507

,1050 .1021 100 . 1621213
.1100 *1069740 .1623100 1 . 1629
•1150 •11 18374 01625069
.1200 * 1167002 . 1627120 1 . 1753
*1250 01215624 . 1329251

.1300 •1264241 .1631465 1 . 1877

.1350 .1312851 . 1633759

.1400 . 1361455 . 1636136 1 . 2001

*1450 .1410052 1-536594

01500 .1458642 *1641134 1.2127

.1.550 . 1507225 * 1643756

*100 1555000 * 1646460 1 . 2253

&1650 1604366 01649246

.1700 .1652929 •1652114 1 . 2330
:1 * • 1 701 4451 I tb=06&f

*1800 .1750025 4 1658096 1 .2507

:1850 .798560 , 166 1.-.1 1
41900 .1847087 ,1664..8 1.2636

*1950 $1895605 .166760,8
.2000 . IV44113 ,1671050 1 . 27F4

.2050 . 19 2613 . 1674494
•2100 .2041 102 .1676022 1.2894

,21 50 .2089582 . 1881632
.2200 .2138052 ,168.32ti 1 .3024
.2250 .21L6DS I1 .1689102
.2300 .2234960 .1692961 1 .3195
*2350 .2283398 .1696903

24C0 .2331825 1700929 I 328s
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Table I (Continued)

(,) M d = z.7so. = U.160- q < 4j)

x y m

.2450 .2380241 .1705038

.2500 .2428645 . 1709231 1 . 3418

.2550 .2477038 . 1- 7 I507

.2600 .2525419 a 1717866 1 .3550

.2650 .2573787 .1722310

.2700 .2622 143 . 1726837 1 . 3683

. 2750 .2670486 * 1731449

.2800 .2718817 . 1736144 1 .3817

.2850 .2767134 .1740924

.2900 .2815438 .1745788 1 .3951

.2950 .2863728 . 1750736

.3000 .2912004 . 1755769 1 . 4086

.3050 .2960 266 . 1760886

.3100 .3008513 .1766089 1 .4222

.3150 03066746 . 1771376

,3200 .3104964 .1776748 1 . 4358

.3250 .3153167 .1782205

.3300 *3201354 0 1787748 1 . 4494

.3350 *3249526 * 1793376

*3400 .3297682 * 1799090 1 . 4632

.3450 .3345821 .1804889

,3500 .3393944 *1810774 1 .4769

. 3550 .3442050 .1816745

.3600 .3490 140 * 1822802 1 .4908

. 3650 .3538211 * 1828945

.3700 .3586266 .1835175 1 .5047

.3750 *3634302 .1841491

,3800 *3682321 .1847894 1 . 5186

.3850 .3730321 * 1854384

.3900 .3778303 .1860961 1 . 5326

.3950 3826265 .1867625

.4000 .3874208 *1874377 1 . 546 "v

.4050 .3922 32 .1881216

.4100 .3970037 .1688142 1.5608

.4150 .4017921 .1895157

,4200 .4065784 . 1902260 1 . 5750

4250 .4113628 . "909450

.4300 *4161450 *1916730 1 5892

.43D0 04209251 .1924098

,4400 44257031 6197-355 1.6035

*4450 *4304788 a 1939 .00

.4500 04352521 * 19 46735 1. 01"08

,4550 &4,o00238 , 1.541 60

.4600 .4447928 .1962V74 1 6323

.4650 04495!96 ,1970178

.4700 .4543241 ,1978 1 72 .6467

.4750 84500861 980 2'*

.48 00 0.628458 .1994432 1 .*6 12

.48L0 .4686031 .2002897
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Table 1 (Continued)

(e) Md = 2.750, Td= 0.160, (4< i)

x y M

• 4900 • 4733579 . 20 11054 1 6 5

4950 • 4781 103 .20 19502

.5000 •.4828601 .2028042 1 6905

.50 50 4876074 .2036673

5100 .4923521 .2045396 1.7052

.51 50 .497094 1 .205421 1

.5200 .5018336 P O63119 1.7221
5250 •5065703 •2072 120

.5300 *5113044 .2081214 1 ,7348

.5350 .5160357 .2090401

.400 ,5207642 .2099682 1 7498

.5450 .52.AA99 .2109057

•5500 •5302 127 .21 18526 1 .7648

•5550 .5349327 *2128090

*5600 •5396497 *2137748 1 7798

•5650 .5443638 .21 47502

.5700 .5490750 .2157351 1 7949

5750 .5537830 *2167296

.5800 •5584881 .21 77337 1 .8101

.1850 .5631900 .21 87474

. 5900 *5678888 *2197709 1 .8254

.5950 *5725844 .2208040

.6000 *577276t .22 18469 1 .8408

.60 50 .5819660 .2228996

.6100 *5866519 .2239622 1 .8562

• 1 50 *5D13344 .2250345

*6200 *5960 136 .2261168 1 .87 17

.6250 *6006894 .2272091

.6300 .6053618 .22-33113 1 .8873

.6350 .6100307 • 7 •4236

.6400 .6146961 .2.105459 1 .9030

o 6450 e6 193579 .231 6753

.6500 .6240161 .2325209 1.9188

.6550 *b286
7 0 7  .2339737

6600 °6333216 .2:35 1367 1 .9347

.6650 .6379687 .2363101

6700 •6426121 . 2I 74 37 1 QS07

.6750 •6472517 .2386878

6800 . 6518875 .2398922 1 9668

6850 • b 565 194 . 241 1 ,#

.6900 .6611473 .242332 1 9829

.6950 . 66577 1 2 .2435688

7000 .67039 11 .2498 155 1 .9992

.7050 .6750070 .2460729

.7100 •6796187 .2473410 2.0156

71 5.-0 .6842263 . 24a6 1 99

"7200 , 6 8 882P7 V9499097 2 .0322

7244327 .6929071 .25 10624

Inflection point for M 2.750 nozle. 195 "WADC TR 54-279



Table I (Continued)

(e) Md = 2.750, 1d= 0.160, (a > t

4d= 1 .5289400 2 .896972 .5340256 2 . 7500
1 .5250 2 .881258 .53401 $2 2 .7462

1 .5200 2.861413 ..=339604 2 .7414

1 -51-0 2 .841678 .5338879 2 .7366

1 .5100 2 .022053 .,5337722 2 . 73 1 8

I 5050 2 .802534 .5336228

1 *5000 2 . 7831 22 .5334391 2 .7222
1 .4950 2 .763816 .5332220

1 4900 2 744 614 .53297 S

1 4850 2.725517 .5-26887 2.7079

1 :400 2 706522 .53 23730 2.7032

1 .4750 2.687630 .5".20251

1 .4700 2 .658838 .53 16453

1 .4650 2 650147 .53 12342
1 4600 2 .631555 .530.7922 2.6843

1 .4550 2 .613062 .5303193
1 4500 2 594466 .5298158

1 .4450 2 .576370 .5292823
1 .4400 2 558168 .5287185 2 .6655
1 *4350 2 .540063 05281255 2 .6608

1 4300 2,522052 .5275032

1 .4250 2 .504135 .5268520

1 .4200 2 486310 .526172 1 2 .6468

1 .4150 2 468580 .525463a

1 4100 2 450941 ,5247276 2 .6375

1 40 50 2 .433393 .523963%

1 .4000 2.415936 ,5231718 2 .6282

1 .3950 2 .398568 .5223530

1 .3900 2 .3812904 .5215072
1 .3850 2 3641010 .520634. 2 .6144

1 .3800 2 .3460992 .51 Q 7 _4, 2 . 6098
1 .3750 2 .3299850 .5168109
1 .3700 2 .3130570 .5178598
-f .3650 2 .2962151 .5168832
1 .3550 2 .2627871 .5148541

1 .3600 2 ,2794586 .5158813 2. 5914

1.3500 2.2461994 ,5138023

.3 .Su d .2296956 .5127255

1 ,3400 2,2132747 .51162-47 2.5732

1 .3350 2 ,1969363 , 51 "" A '93 2 .5686
1 .- 4300 2 .1806796 .5093501
1 .3250 2 .1645044 .5 081 174

1,3200 2."o48406 ,506E011 2.5550

1 .3150 2 .1323952 ,5057615
1 .3100 2 .1164605 .5045190 2 . 5460

1 .-?050 2 ,1006048 .50325'I6

1 .3000 2 .0848276 .50 19 ;.SS 2 . 536S

1 . 2250 2 .0691 287 ,5006992

1 .2900 2,0535072 .4993227
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Table 1 (Continued)

(e) Md = 2.750, qd = 0.160, (9 > 4

x y M
1 . 2850 2 .0379628 . 4979683 2 .5235

S. 2800 2 .0224948 .4SF5920 2 .5190
1 .2750 2 .0071029 *4951944

1 .2700 1 .9917865 .4937753

1 .2650 1 .9765452 -. 4923351
1 .2600 1 .9613784 .4908740 2 .5011
1 .2550 1 .9462856 .4893922

1 .2500 1 .9312665 ,4878898

1 .2450 1 .9163206 .4863669

1 .2400 1 .9014475 .4848239 2 4833

1 .2350 1 .8866465 ,4832611 2 . 4789

1 .2300 1 .8719173 ,4816782

1 .2250 1 . 8572594 .4800759

1 .2200 1 .8426723 .4784541 2 . 4656

1 .2150 1 .8281559 ,4768130

1 .2100 1 .8137093 .47515W8 2 .4568

1 .2050 1 .7993324 .4734738
1 .2000 1 .7850247 *4717760 2.4480

1 1950 1 .-1707856 .4700 919%

1 .1900 1.7566150 *4663249

1.1850 1 .7425124 .4665719 2,4348

1 * 1800 1 .7284774 ,4648009 2 . 4314
1 * 1750 1 .7145095 .4630119

1 * 1700 1 .7006082 04612053

1 *1650 1 ,6O67735 04593811

1 ,1600 1 .6730047 ,4575395 2 ,4130

1 . 1550 1 . 6593015 .4556808

1 . 1500 1 .6456635 .4538049
1 . 1450 1 .6370903 ,45 19 122

1 1400 1 .6185817 ,4500025 2.3956

1 .1350 1 .6051372 04480765 2 .3912
1 .1300 1 ,5917565 .4461340
S,1250 1 o5784392 ,4441751

1 .1200 1 .5651850 .4422003 2.3782
1 . 150 1 .5519935 ,4402094

1.11O0 1.5388644 .4382028 2.74-96

1 1U 0 . tP -f V 74 04J61806

1 , 1000 1 ,5127921 .4341428 . . 3609

1 .0950 1 .4998482 .432039S

I .C.,900 1 .4869655 ,4300. 10
1 .0850 1 .4741435 ,42 7:0.3 34

1.0800 1 4C"13822 , 4258.99 .. 3.37

1 .0750 1 .44,6805 .4237276
1 .0700 1 ,4360 384 04216011

1 .0650 1 .4234566 .4194591

1 ,0600 1 .4109337 .417303:3 2.32b6
1 ,0550 1. 3984697 .4151338

S1.)5t,0 .-3 8r0 -, 0412 Q507

1 04b0 1 .3737169 .41075P"7
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Table 1 (Cctinur,6

(e) M = 2.750, Id 0.6, { i

x y m

1 .0400 1 .36 14284 •4085A24 2 . 3094

1 •03 T; 0 1 .3 4 9 1 C 7 .4063186

1 .0300 1 .3370233 .4040816

1 .02 50. .1 .3249068 .4018315

1 .0200 1 .3128475 .3995684 2 . 2924

1 *01 !O 1. 3008444 .3972931

1 .0100 1 .2888983 .3950049

1 .0050 1 .2770080 .3927048

1 *0000 1 .2651739 .3903922 2 . 275Z

•9050 1 .2533952 .3880682

.9900 1 .2416721 .3857321

.9850 1 •2300039 .3633851

.9800 1 .2183912 .3810259 2 2583

•9750 1 .2068325 .3786562
*9700 i •19532t6 .3762753

.9650 1 .1838790 .3738838

9600 1 .1724833 .37 14 17 2 2413

9550 1 .1611412 .3690696

.9500 1 . 1 498528 . 3666471

.9450 1 .1386175 .3642151

.9400 1 .1274353 .- 617734 2.2243

.9350 1 .1 163063 .3593218

•9300 1 .1052300 *3568610

.9250 1 .0942058 .3543916

.9200 1 .0832342 .3519 132 2 . 2073

.91 50 1 .0 723 142 .3494266

.9100 1 .0614457 .3469323

*90 50 1 .0506290 .3444289

.9000 1 .0398636 .3419172 2 . 1903

a 950 1 .0291507 .3393997

8900 1 .0184882 .3368738

.8850 1 .0078759 .3343414

.8800 *9973146 .3318018 2. 1733
*6750 9o6e033 .3292563
.8700 .9763434 .326702I

a 6 50 .9659316 .3241464

.8600 .9555706 .3215839 2.15",2
a8550 .9452592 .3190137

.8500 *3349971 .31C4398

.8450 09247843 .313A607
8 400 9146205 o3112776 2 . 1391

8350 . 9045056 .3064,901

*83d0 .8944392 .0:060287

:8250 .3844714 .*3035038

.8200 .8744518 .3009054 2.120

.8150 ,8645302 :2983043
81 .0 6546566 *2957005

80 ;0 O6448307 ,2930942

,8 00 083.53522 .2904860 2 . 1049
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Table I (Continued)

(e) Md = Z.75O, 'Id = 160. ( t,> )

x y M

.7950 0 253209 ,2R 7^763

•7900 *8156367 028526F2

*7850 *8099*7 .2a6529

*7800 07964091 .2800401 2 .087"

*7750 *786R65 " *2774270

*7700 •7773672 •2748140

.7650 .7679157 .2722013

"7600 .7585098 .2695893 2.0704

"7550 0 7491499 •26G9785

.7500 *7398353 .2643691

*7450 .7305659 ,2617616

97400 *7213416 .2591563 2 .0530

S7350 .7121 622 •2565535
07300 .7030274 .2539536

07250 6939371 .2513571

i.90 WADC TR 54-279



Table 1 (Continued)

(M) Md = 3.000, nd = 0.150, (4> %)

x y j

td 1 .796 49 - .950 6 .63 5 1 e 3 .0000
1 . 7go0 n 55856 .63515 2 .9924

1 . 7800 3 ,51594 .63499 2 .9836

1 .7700 3 .47375 . 63 -t E:8 2 .9747
1 .7600 3 .43196 .63427 2 .9658
1 .7500 3 .39061 063371 2 .9570
1 .7400 3.34964 063304 2.9482

1 .7300 3 .30904 .63227 2 .9395
1 .7200 3 .26882 .63141 2 . 930 7
1 .7100 3 .22900 .6-430." 2 .9220
1 .7000 3 .18956 .62!30 2 .9132
1 .6900 3. 1-,047 .62805 2 .9045

.6800 3.11176 .62672 2.85958

1 .6700 3 .07338 .62529 2 . 8872
1 .6600 3 .03537 .62375 2 .8785
1 .6500 2 .99767 6221 1 2 .8699
1 .6400 2 .96039 .62035 2 .8613

1 .I6300 2 .92343 .61850 2 . 0527
1.6200 2.88675 .61657 2.8441
1 .6100 2 .85043 .61451 2 . 8355
1 .6000 2 .81443 .61240 2 .8269
1 .5900 2 .77873 .61017 2 .8183
1 .5800 2 .74335 .60784 2 .8097
1 .5700 2.70827 .60543 2.8012
1 . 5600 2 . 67352 .60293 2 , 7927
1 .*500 2 .63906 .60033 2 .7842
1 ,5400 2 .60490 .59766 2 . 7756
1 .5300 2 .57106 .59489 2 . 7671
1 .520CP 2 .53747 .59200 2 .7586
1 .5100 2.50421 .58909 2 .7501
1 .5000 2 .47121 .58605 2 .7416
1 .4900 2.43850 .58296 P.7331

1 .4800 2 .40606 .57976 2 . 7245
1 .4700 2 .3738i . 57648 2 .7161
1 .4600 2 .34197 .57315 2 .7076

1 .4500 2 .31034 .56972 2 .6990
1 .4400 2 .27896 . 56.G 21 2 . 6905
1 .4300 2 .24788 .36265 2 . Sd20
1 .4200 2 .21703 . b . 6 t ab
1 .4100 2.18645 .55526 2.6650
1 .4000 2 .15613 ,551 *7 2 .6565
1 ."900 2 .12605 , 54 76 ' 2 .6479
1 .3800 2 .09624 .54365 2 . 6;:j4
1 *3700 2 .06668 .5396-3 2 .6309
1 ,3600 2 .03736 .53555 2 . 62?23
1 .3500 2.00829 .53141 2.6138
1 .3400 1 .97945 .52719 2 . 6 032
1.3300 1 ,95086 .52291 2 . 596f
1 .3200 1 .9225 *1 .@1858 2. N88 1

See Table 1 (a) for coordInatos Upstream of inflectias point.
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Table I (Continued)

(1) Md =  3.000, d =0.150, (4> i

Sy M

1 3100 1 .89441 .*1 A16 2 5794

1 .3000 1 860,53 .*50'970 2 . "708

1 .2900 1 *83888 .50 1 9 2 5622

1 .2800 1 .81 147 .5006 1 2 .5536

27 00 1 .7843 1 . 49597 2 • 44 9

I .2600 1 .75735 .49 126 2 5362

1 2500 1 .73064 .48653 2 .275

1 2400 1 .7 704 1 6 *48171 2 5 1 9

1 .2300 1 .67790 ,47686 2 5101

1 2200 1 .65187 .47193 2.5014

1.2100 1 .62604 .46700 P. 'A 9 26

i 2000 1 .60046 *46199 2 4 8 -49

1 1900 1 .57509 . 45696 2 4751

1 1800 1 .54995 .45187 2.4663

1'700 1 ,52503 ,44674 2 4574

I 1600 1 .50032 .44157 2 4486

i1500 1 47584 .43637 2.4397

1 . 1400 1 .45158 .43 1 12 2 .4308

1 1300 1 .42751 *42584 2 4219

.. 1200 1.40367 *42052 2.4129

*.1100 1 .38006 .41518 2 .40 9

1 1000 1 .35663 .40980 2 .3949

'.0900 1 .33336 ,40439 2 3858

0800 1 .31036 ,39906 2 .3768

*, 0700 1 .28764 .39352 2 .3677

t .(0600 1 .26507 .:3880 4 2 3586

.0500 1 .24270 .38255 2 .3494

.0400 1 .22053 .3 7704 2 . 3403

1 0300 1 .984 7 37151 2.33 11

" 1 0200 1 ,17680 .36597 2. F218

1 .0100 1 .15526 .36043 2 . 126

1 .0000 1 1 33b8 .35484 2 . 3033

.9900 1 1 1274 .34928 2 .2940

9800 1 .091 7 I *34370 2. 28 46

" 9700 1 .07103 .33A 1 4 2 27 52

"S;600 1 .05047 .33256 2 2658

*9500 1 .0301 0 32697 2 ,p 4

.9400 1 *U v9 vc, .3 2 1, C; *

"9300 .*98998 .31584 2 2374

9200 .9702 1 .310 9, 2279

.!%' 100 95060 .30-%', 2 218

.9000 .9- 123 02 ,S9 2() 2 2 0 F

8900 9 205 2 -) 3A. A I qo0

8800 4 89U 419

"8700 ,87423 ,28271 2 1797

" b 0') .85559 .27727 2 169c :?

.2500 -71 . 71 P4 2 1 601

.8400 *81884 256 4:' 2 1 ,c 4

" 0 . 800 7-1 q 2 )10 5 2 1 40 B
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Table 1 (Continued)

(g) Md = 3.250, qd = 0.140, (4 <

x y M

- .0150 - .0147735 .1400137 1 .0074
- .0200 - .0196747 . 140028C, 1 .0018

- .0250 - .0245758 . 1400493 . 9St3

-. 0300 - .0299769' . 1400775 .9907

- .0350 -. 0343780 .1401127 .9852

-. 0400 -. 0392790 .1401549 9796

- .0450 - .0441799 1402041 97 -l2

-. 0500 -. 0490808 . 1402602

- .0600 - .0588821 * 1403934 .9578

- .0700 - ,0686829 . 1405545

- .0800 - .0784831 . 1407434 .9363

.0900 - .0882824 1409601
- .1000 - .0980809 .1412045 .9150

- .1100 - . 1078783 *1414767

- .1200 - . 1176746 .1447766 .8943

- .1300 - .1274696 ,142 1043

- .1400 -. 1372633 ,1424596 .8738

- .1500 - .1470555 . 1428425

- .1600 -. 1568460 .1432531 .8537
.1700 - .*1666348 .1436913

- .1800 - .*1764218 .1441571

- .1900 -. 1862068 . 1446504

- .2000 - .1959897 . 1451712 .8145

- .2100 - .2057704 * 1457195

- .2200 - .2155488 . 1462954

- .2300 - ,2253248 . 1468986

- .2400 -. 2350982 .1475293 . 7768

- .2500 - .2448690 .1481t74

-. 2600 - .2596370 . 1488728
- .2700 - .264402i .1495856
- .2800 - .7741642 .1503258 .7-106

- .2900 - .2839231 0 15 10932

- .3000 - .2936-89 . 1 . 1 8879
- .3100 - .3034313 6 1527098

- .;120 - .3131802 .1535589 .7059
- .3300 -. 32292155 .1544352

3'O0 - 3326672 . 1553386

- .3500 - , 3424050 . 1562692

- 6UO - .35d 1JWU . l5f2269 .6726

- 3700 - 3 6186 9 . 158A 9 16

- 3800 - .3715946 171922-14
-. 3900 - 3813 161 ..102622
-. 4000 - 3910333 *161 1o80 .6409
-,4100 "04007460 .1624207

- .4200 -44104541 .1635403

- .4300 -, 4201 S,71 ,1646863
.4400 - .429d 89n*0 16586" .6106

"".4900 - .4395497 * 1670603

- .400O -, ,4492383 ,1682813
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Table I (Continued)

(g) Md = 3.z50, = n.14u, <

x y M

- .4700 -. 4589218 .1695410

- .4800 - .4686001 .1708215 .:J^18

- .4900 - .478272'9 * 17m- 1286

- 9000 - . 4879404 .1734623

- .5100 - .4976022 01748227

- .5200 - .5072584 .17G2097 .5544

- .5300 - .51690I7 * 17"76=32

- .5400 - 5265512 * 1790632

- .5500 - 5361916 . 18052SP7

- .5600 -. 5458240 .1820227 .5283

- .5700 - .5554501 .1835420

- 5,800 - .565069o .1850877

- .5900 - .5746832 . 1is66597

- .6000 -. 5842900 .1882580 .5036

- .6100 -. 5938902 . 1898826

- .6200 -. 6034836 *1915333

- .6300 - .6130701 * 1932102

- .6400 - .6226496 . 1949133 4801

- .6500 - .6322221 . 1966424
- . 6600 - .6417875 * 1983976

- C-70o - .69;13455 .2001787

- .6800 -. 6608961 .2019859 .4579

- 6900 - .6704393 02043502

- .7000 - .6799749 .2056778

- .7100 - .6895028 .2075626

- .7200 - .6W90228 .2094731 .4369

- .7300 - 70853!0 .2114093

- .7400 -. 7180392 .2133713

- .7500 - .7275353 .2153589

-- .7 00 - .*7-70 231 . >173721 *1170

- .7700 - .7465027 .2194 109

- .7800 - .7559739 .22 14751

- .7900 - .7654.%65 . 2235648

- .8000 -. 7748906 .2256800 .:P8 1

- .8100 - .7843360 .227820'

- .8200 -. 7937725 2299863

0 - .8032001 .- 1321774

- 8400 - .8126188 .23439n7 ,4A 03

- .8!00 - . 2U 283 .2ZGG351

- 8600 - .8314287 . 23 L 13

.8700 .8408198 . 2411 33

-. 8800 -. 8502014 .244S1O06

- .8900 - .*8!95736 , P458"'i 16

-. 90C0 -. 86893b2 .2482181

- .9100 -. 8782692 V 506 09.)4

-- 9200 - *887b32:4 2 o -30a: - J47

9 *300 - . 8WO6 P6 ,p5 m 4,1

- 9400 - $90625889 . 21S79,? I
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Table 1 (Continued)

(g) Md = 3.2!0. 'I 0. 140, <~ < 1

x y M
- .9600 -*924905-0 .2629372 .3325
-. 9700 -. 9341983, .265-1765
-. 9800 -. 9434808 .26804C3
- .9900 - .9527530 .2706286
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Table I (Continued)

(g) Md = 3.250, id 0.140, ( <

x y M
.0000 - .0000701 .1400129
.0125 .0121824 . 140CS04 1 . 0386

.0150 .0146328 1.1400751 1 .0414

.0175 .0170833 .1400916 1 .0443

.0200 .0195337 . 1401098 1 . 0472

.0250 .0244344 . 1401516 1 .052.9

.0300 .0293350 . 1402004 1 . 0587
0350 .0342354 . 14.02562 1 .0645

.0400 .0391357 . 1403190 1 . 0703

.0450 .0440358 . 1403889 1 .0761

.0500 .0489358 .1404658 1 .0 20

.0550 0538355 . 140497

.0600 .0587350 . 1406407 1 .0937
.0650 .0636343 . 1407387
.0700 .0685333 . 1408438 1 . 1055

.0750 .073A321 . 1409559

.0800 .0783306 .1410751 1.1174

.0850 .0332288 . 1412013
,0900 .0881267 .1413346 1 . 1293
,0950 .0930 242 . 1414750
.1000 .0979214 . 1416224 1 . 1414
.1050 . 1028183 . 1417769
01100 .1077148 . 1419385 1 .1535
.1150 .1126109 * 1421072
.1200 .1175065 . 1422830 1 . 1656

.1250 .1224018 , 1424658

.1300 . 1272966 . 1426558 1 . 1778,

.1-50 .1321909 . 1428529

.1400 1 137084b . 1430570 1 1901

.1450 . 1 419782 . 1432653

.1500 .1 468711 . 1434867 1 .2024
.1550 1 517633 . 1437122
1600 .15665:.i3 . 1439448 1 .2149
1650 .1615466 . 1441846

.1700 .1664373 . 1444315 1 2073
,1750 .1713274 1446 55

Ss .i762i , .2 44c54b i 1 . :99
.1850 .1811Ub8 .1452150
*1900 .1859940 .1454 , 1 ,2S 24

1950 .1908816 1457"7 2
. 2000 . 195 7685 . 14603,3 1 .2651

.20 50 .2006548 .146 P359

.2100 .205:J403 .1466641 1 2778
2 150 . 2104251 .1 4 P7 C4

.2200 .2 15309v .1472939 1 .2 So0
, 2 250 ,2201925 ,147619..
,2300 $229075U ,147952- 1 3033

, , 50.22n9 AA 1 48292;

2400 .2 34 8 '4 .46 IA86400 1 3162
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Table I (Continued)

(g) Md = 3,250, 'qd = 0.140, (6 <

y M

-4 03 7 1 7b 1489945

2500 .2,14597 1 149356 .- 1 .329 1

*250 *2 .2494755 .1497252

.2600 .25435-1 . 15010 14 1 .34 21

2. .0 *2 592 .29 7 1-304849

2700 2641054 .1508756 1 • 355 1

2750 .2689802 , 1512736

.2800 .2738541 . 1516788 1 .3681

2F( A--,*0 2787270 1520913

.2900 .2A35989 15251 10 1 38 12

29_10 .*2864695 .1529381

4000 .2933397 .1533724 1 3944

30 r0 .2 982085 1538141

.3100 *3030763 .1542630 1 4076

.3150 .307913D .1547192

3200 .3 12808, . 1551828 1 4209

.3250 .3 1 -6732 * 1556537

.0300 .3225366 .1561320 1 4342

3350 .32739e8 .1 566 1 7"1

.-4400 . 3322 59- .1571 105 1 .4475

.3450 .3371 197 . 1576108

.3500 .3419784 .1581184 1 .4609

.3550 .3468359 .1586335

*3600 .3516921 .1591559 1 .4743

-3650 .3565471 . 1596858

3700 .3614007 . 1602230 1 4878

3750 .3662531 .1607677

3800 .3711042 * 1613197 1 .5013

385,0 .1759539 p1618793

.3900 .3808023 .1624462 1 5149

.3950 .3856492 .1630206

-10 00 .3904440 .1636025 1 .5285

4050 .3953390 *1641919

41 0 , 4"'0 'I A 1 7 164788A 1 . 9421
41 50 .4050230 .1653931

l.1>00 .409862d .1650050 1 5553

4250 .4 14701 1 .1666244
,,3 04 i "-9 . i I i d S' i ..t i * t', ' .,

4350 .4'213731 167aS58

.4400 .*4292068 . 16 278 1 5t,33

44!0 .4340 8') 0 1- 8 774
•4 500 .4 _-4 .4e 6 J 1 6:D A IJ it t 1 5 ':,7 "1

*4550 . .' 43b983 * ' 70 19:J 4

"160 4 44,352S0 B 171 1718 1 .6109
>O6 0 45335 1 V *1r1p r3 1 0

4 7f 0.4 5M 1 750 172 C34 5 1 *;"43
• 17 ',r t, 62!'9y7: *. 17 Z].-34{8

4,,,O0 A 67 6 177 173 1377 1 G7-087
4 P 4 C, 7J , 3 01 1 74.j484
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Table I (Continued)

(g = .5 = 0.140, 1 <

x y
.4900 . 4"-,45 3 . 1753667 1 .6527

.4950 .4822685 .1760928

.5000 .48708 18 .*176 . 245 1 . 6667

.5050 .4913933 • 1775680

.5100 •496702 :) .1783173 1 .6808

.5150 .5015107 .1790743

.5200 .5063165 . 1798391 1 •6 ,-9

.5250 .5111 204 . 1806117

.5300 •5159224 • 181 39:2 1 .7090

.5350 .5207224 * 1 6:d 1 804

.5400 .5255203 . 1829766 1 .7232

*5450 *5303 163 * 1837806

.5500 .5351 102 * 1845925 1 .7351

.5550 .5399021 . 1854122

*5600 *5446918 * 1862400 1 .7516

.5650 *5494795 • 1870756

.5700 .5542650 •1879193 1 .7659

.5750 . 5590483 a 1887709

.5800 •5638294 .1896305 1 .7803

.5850 .5686084 •1IS,04962

.5900 .5733850 . 1913739 1 .7947

.5950 .5781 595 . 1922576

.6000 5829316 0 1931495 1 .809 1

*6050 .5877014 . 1940494

.6100 .5924689 .1949575 1 .8236

.0s 1 50 *5972340 • 1958738

*0200 *6019967 1967982 1 .8382

*6250 .6067570 .1977309

.6300 .6115148 .1986718 1.8528

6350 .6162702 .199C209
.640U .6210 7Z1 ,2005783 1 ._8 74

*6450 .6257734 .20 15440

.6500 .6305:"1 2 .2025180 1 .8821

.650 .6352664 .2035004

6600 *6400090 .2044912 1 . 8968

.5650 .6447490 02054904

. 700 . 6- '.iA A.%n .1064980 1 .9 116

67b0 .6542209 .2075141

.6800 .6589528 .20 5367 . 92G5

.6850 066368 19 .209', '18

.f5900 .6634083 • 10 6is; , 9414

6950 .6731318 .2116637

.7000 .b 77 F3525 .21P 7 1 9564

.70 50 .6n!25704 .21 3790 1

.7100 06872853 P * 48663 1 .9714

71 50 .6919974 Pi '1 5951?

"7200 ,6q67064 ,2170449 1 9F% 6 05

*70 14 1 P5 .2.1 a1.1 7 .

7.300 * " 3 1 5 ..- 1 9 25e3 2 00 1 7
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Table 1 (Continued)

(g) Md = 3.250, 1d = 0.140, (4 < ei)

x y M

•7350 .7108155 ,22037rc.

*7400 .7155125 . ;; -, 1 5 0 76 2 .0170

• 74-0 .7202063 . 2226455

.7500 *7248969 .2237924 2 .0323

.7550 ,72958-44 .2249482

.7600 .7342687 .2261131 2.01%77

.7650 ,7389497 .2272871

.7700 . 743627; . 2284701 2 .0632

*7750 *7483019 .2296624

.7800 *7529730 .2308638 2.0787

.78-50 ,7576407 .2320744

.7900 ,7623051 .2332943 2 .0943

*7950 *.7669659 .2345236

.8000 .7716233 .2357622 2 . 1 100

.8050 ,7762772 .2370102

.8100 .7809275 . 23S2677 2 .1258

.8150 .7855743 .2395347

.8200 ,7902174 .2408112 2. 1411

.8250 , 794 8569 .2420973

.8300 ,7994926 .2433931 2 1577

.83 50 .8041 247 .2446985

.8400 .8087530 .2460137 2 . 7 !: .:
,8450 .8133774 02473387

.8500 .8179981 .2486735 2.1900

.ACsO .*8226148 .2500183

.8600 .8272276 .2513729 2.2062

.8650 . 8318365 . 2527376

.8700 o8364414 2541124 2 . 2227

.8750 .8410422 .2554973

.8800 .8456390 .2568923 2.2392

. a85 0 .8502316 . 582976

.8900 . 854.20 1 .2597132 2 . 2SS8

.8950 ,8594044 .261 1391

.9000 * .8639845 .262575S5 2.2726

.9005678 *8727367 , 2G53534

Inflection point for M = 3.250 nozzle.
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TaM'e I (Continued)

' " -. 'd . ' 

x y M
- 2 .0902377 4 .414659 .75 16726 3 2500

2 .090C 4 413554 .7!516707 3 .2498

2 .0850 4 .390361 .7516567' 3 .2457

2 .0800 4 .367270 .7516144 3,2416

2 .0750 4 .344284 .7515366 3 .2375

2 .0700 4.321395 .7514391 2 .2334

2 .0650 4 .298609 .7513062 3 .2293

.*t)600 4 ,275923 .7511460 3 .2252

2 .0550 4 .253336 *7509584 3 .221 1

2 .0300 4 .230846 .7507478 3.2170

2 .0450 4 .208454 .7505029 3 . 2129

2 .0400 4 .186158 .7s0291 3 .2088

2 .0350 4 .163960 .7499412 3 .2048

2 .C300 4.141858 .7496168 3 .2007

2 .02 50 4 . 1 19049 .7492705 S . 1966

2 .0200 4 .097936 .7488938 3 .1926

2 .01 50 4 .0761 15 .7484957 3 1885

2 .0100 4 .054389 .7480681 3 . 1844

2 0050 4 .032755 .7476114 3. 1804

2 .0000 4 .01 12 13 .7471330 3 .1763

1 .9950 3 .989762 .7466295 3 *1723

1 .9900 3 .968401 .7461009 3 1683

1 .9850 3.947132 .7455478 3.1642

1 . 9800 3 . 9259 4Q .744 9696 3 . 1602

1 .9750 3 .904860 .7443638 3 .1561

1 .9700 3 .883854 07437402 3 . 1521

1 .96,O 3 .862939 .7430891 3 . 1481

1 .9600 3.842111 .7424139 3.1441

1 .95!O 3 .821369 .74 17147 3 .1401

1 .9c;00 3 .800716 .7409886 3 1060

1 .9450 3 .780146 .7402422 3 1320

1 .9400 3 .7596E 1 .7394753 3 .1280

1 .9350 3 739-d b1 . t:86820 3 1240

1 .9300 3 .716946 07378655 3.1200

1 .9250 3 .698714 .7370287 3 .1 16n

1 .9200 3 .678565 .736 '1 697 3 .1 120
1 1, 0 .. . 0 4 Soto . t352876 3 i C, 0 -

1 9100 3 .638516 .7343797 Y ,1040
1 .9050 ..618614 .73.; 526 3 . 1000

1."' 0 3 .598793 2 S - 3*0 3 .09 60
1 .A950 3 . , 0 52 , 7": 15 : 4 41 "3 0C :1

1 .8900 3 5 -3.-0393 .7305400 3 .0881

1 .8850 3 F339814 .729.242 3 .0841

1 .8800 _* 5 _90 313 .7284893 3 .0801
1 7 1'-- I) 3 . 5 O0 8 1 .72 743 28 3 .0761
1 8700 3 .481548 .7263776 3 *0"721'

1. 8650 3 46228 3 . 72 9 80 3 . #S a8'

1 ., 00 3 ,443095 .7241401 3 U642

I S 0-, 3 .4239'56 472299M1 :3 . 0603
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Table 1 (Continued)

a) M. = 3 ?fnl d = 0.140. I. > .

x y M
1 .8500 3 .404953 .7218378 -4 .0563

1 .8450 3 .385996 .7206567 3 .0523

1 8400 3 .34-71 15 .7194573 3. 0484

1 .8350 3.348309 .7182375 3 * 0444

1 .8300 3 .329579 .7169970 3 0405
1 . 8250 3 .3 10 921 . 7 1 57385 3 . 0365
1 .8200 3 .292341 .71 44574 3 0.326
1 .8150 3 2738": .7131610 3.0286

1 .81 0 3 . 2-,5398 .71 1e421 3.0247

1 .8050 3 .237037 .7105057 3 0207
1 .8000 3 .218750 ,'7091470 3 .0168

1 .7950 3.200532 .7077735 3.0128

1 .7900 3 .182389 .7063779 3.0089
1 .7 50 3 .164316 .7049678 3 .0050

1 *7,00 3 .146314 .7035357 3 .0010
1 . 7750 3 . 128384 .7020867 2 . 9971
1 .7700 3 .1 10525 .7006164 2 . 9932
1 .7650 3 .092734 .6991316 2 .9892

1 .7600 3 .0750 13 .6976279 2 .9853

1 .7550 3 .057363 .6961054 2 .9814

1 . 7-500 R .*039781 .69 45665 2 .9775

1.7450 3 .022269 .6930065 2 .9735

1 .7400 3 .004823 .6914328 2 .9696

1 .7350 2 .987448 .6898383 2 .9657

1 .7300 2 .970138 .6882297 2 .9618

1 .7250 2 .952896 .686601 1 2 . .V579

1 .7200 2 .935722 5849563 2 .9540

1 .7150 2 .918613 .6832958 2.9500

1 .7100 2 .901571 06816174 2 9461

1 .7050 2 .88459b * 67992 1 1 2 .9422

1 .7000 2 .867686 .6782072 2 .9383

1 .6950 2.850840 .6764A00 2.q3-4

'1 .6900 2 . 834J 6 1 *.C747352 2 . 9305
1 .5850 2 .817:141 b6729729 2 .9266

1 6800 2 .800696 .6711935 2 . 9227
1 .6750 2 .7841 I. .6693988 2.9 88

1 C 7C 2 C - ^ 71 .) I 4 0

1 .6650 2 .7511 28 .6657621 .91 10

1 6600 2.7n4731 .6639205 2.9070

1 65!- 0 2 .718398 6 6: 18 2 .9031

1 *6 O0 2 .7021 28 6 0 1 n 6 7 2 899
I .6450 2 . i8 59199 6 a.:- 8 2 966

1 .6400 2 .6697743 ° 56 J90. 2 8v 14

1 .63s0 2 . 6536890 . 5447"10

1.630c) 2.637666.1 #6525336

1 , -.1 b0 2 62 17059 . 6 0 ea5b 0O
1 .fi200 2 60-5O3047 .6486138 2 8 758
1 .fb1 10 2 .5899646 .6466317

1 C I no 74 I 8 3 .644633 6
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Table I (Continued)

(g) Md = 3.250,id 0.140, ( 4 •i)

x y M

1 .60 50 2 . 558 46, 7 .6426214
1 .6000 2 .5428054 .640595e, 2 .8602

1 .90 2 .52720 . 6 a 53 1
1.5900 2 .511-664w .16:S64955

1 *5 50 2 .4961830 *6344243

1 *5oo 2 .4807595 .6323391 2.8447

1 .5 7 50 2 .4653950 .6302388

1 .5700 2 .4500892 06281232

1 .5650 2 .434841 1 .*bde !m W !4 i

1 .5600 2.4196511 .6238501 2.8291

1 .5550 2 .4045181 .62 16927

1 .5500 2 .3894-423 .6195219

1 .5450) 2 .3744248 .61 73.350

1 .5400 2 .3594627 .6151364 2 . 8135

1 . 53 50 2 .3445577 . 61 29 2 "-t'

1 .5300 2 .329 7096 .6106957

1 .5250 2 .3149164 .6084567

1 .*5200 2 .3001801 .6062019 2 . 97G

1 .51 50 2 .2854994 .60"9345

1 .5100 2 .27087441 .60 16530

1 .5050 2 .2563042 .5993589

1 .5000 2 .2417895 .5970510 2 .7822

1 .4950 2 2273293 .5947306

1 .4900 2 .2129240 .5923967

1 .4850 2 .1985727 .5900503

1 .4800 2 . 11$42760 .5876906 2 .7666

1 .4750 2 .1 700336 .5853173

1 .4700 -3 .1 558447 .5829324
1 .4650 2 . 1417097 .9805341

1 4 600 2 *1276277 .578 124 1 2 4 7509

1 . 45 E0 2 1135993 .5757010

1 .4500 2 .*096235 . 5732664

1 -*A4 50 2 .0857008 .5708189

1 .4400 2.071b30 4  .5683599 2.7352

1 . 4350 2 .0580 128 .EG58886

1 .4300 2 .044247b .5634045

o 4-, 7. 2 0305351 .609084

1 .4200 2 .0168748 ,5584000 2 . 7 195

1 .4 1 50 2 .0032CG.,.0 . 55.ar 016

1 .4100 1 .989.7072 . 55 J ' 1 4

1 *-OSO 1 .9762016 .550P081

1 .4000 1 *9 ,.7464 b 4 832 j 52 2 . 7 U A"

1 ' q p 01 S *4 9:?43 7b4 Cn 3

1 3 9 r),0 1 q9 L3 )9- . 54 1 1 Z '3

1 A " ,o I . .!J 2 2688 -A . 0'., 200

1 1,00 1 . 90-44382 .53792-,3 2 . 6 A'7

1 .I * . .r237 J . S 531 -7 4

, 700 1 . b ( () ;'J P: 6 r' 7 :4
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Table I (Continued)

(g) Md = 3.250, qd 0.140, (4, > )

, x y M

1 .3600 1 5E39372 .5274245 2 . 6720

1 .3550 1 . 8439381 .52477 13

1 .3500 1 .8309876 .5221093

1 .3450 1 .8180870 .51 9436A

1 .440 0 1.8052359 .5167540 2. 656 1

1 .3350 1 . 7924348 ,.5140603

1 .3300 1 .7796825 .5113574

1 .3250 1 .7669795 .5086446

1 .3200 1 .7543254 .5059221 2 .6401

1 .31 50 1 .7417201 .5031901

1 .3100 1 .7291638 ,5004484

1 .3050 1 .7166559 .4976976

1 .3000 1 .7041971 ,4949368 2.6241

1 ,2950 1 .6917857 *4921685

1, .2900, 1 .6794230 .4893906

1 .2850 1 ,6671 085 *4866040

1 .2800 1 ,6548418 .4838087 2 .6079

1 . 2750 1 . 6426235 04810044

1 . 2700 1 , 6304525 *474!- 1925

1 .2650 1 .618"296 .4753716

1 ,2G00 1 .6062542 0472543-1 2 .b917

1 .2550 1 .5942262 04697067

1 .2500 1 .5822456 ,4668627

1 *2450 1 . 5703124 .4640106

1 ,2A00 1 . 5584264 ,46 11511 2 . 5754

1 .2350 1 . 5465872 *4582846

1 .2300 1 *5347950 *45541 11

1 .2250 1 *523 0 49M ,4525303

1 .2200 1 .5113517 ,4496423 2. 5590

1 .2150 1 .4996997 04467484

I 2 1 00 1 .4880945 .443B477

1 .2050 1 *4765360 °4409405

1 .2000 1 .4650 237 43a0"'. f -d 2 . 5426

1 . 1950 1 04535F74 0435 1085

.1900 1 4421376 *4321836

1 1850 1 04307645 .4292524

1 , i800 1 ,4194368 *4263166 2 .5260

1 .1750 1 .4081 550 , -a233"75 4

1 ,1700 1 . 3 9 9 . 89 ,4204294

1 ."630 1 .3857288 .4174784

1 , 1600 1 . 3 745847 0 414. .' "'2 2 . 5093

1 . 1550 1 .3634855 ,41156"'3

1 . 1500 1 ,3524322 .4085976

1 .1450 1 .3414240 .405626 91

1 .1400 1 .3304616 040?6563 2.4924

1 .1350 I ,3195441 .3996801

1 01-00 1 ,3086716 .396700'.

1 .1250 1 .2 978444 .3937176

I . 1200 1 .2870620 .3907316 2 4755
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Table 1 (Continued)

(g) Md = 3.250, 'Id= 0.140, (E > j)

x ym

1 *1 150 1 .2763243 .3877430

1 .1100 1 .2656318 .38 751 3

1 .1050 -1 .2549837 .3817574

1 -1000 1 .2443802 .3787614 2 4584

1 0950 1 .2338212 .3757635

1 .0900 1 .2233067 .3727635

1 '0850 1 *2128365 *3697621

1 0800 1 .2024105 .*3667595 2 4412

1 0750 1 .1920287 .3637556

1 .0700 1 .1816908 .3607512

1 .0650 1 . 1713969 .3577460

1 .0600 1 . 1611470 .3547403 2 .4239

1 .0550 1 .1509409 .3517343

1 0500 . 1.407781 .3487289

1 0450 1 .130659C .3457236

1 .0400 1 .1205837 3427185 2 4064

1 .0350 1 . 1105514 .3397146

1 .0300 1 .1005623 .3367118

1 .0250 1 .0906165 *3337 102

1 .02,00 1 *0807138 .3307100 2 .3888

1 ,0150 1 .0708540 .3277116

1 0100 1 .0610372 .3247151

I 00 50 1 .0512629 .32 17212

I 0000 1 .0415313 .3187296 2 .3710

9950 1 .0318422 .3157408

9900 1 .0221954 .31 27552

9850 1 .0125910 .30977.7

.9800 1 .003028"1 .3067938 2 .3531

.9750 .9935084 .3038187

.9700 .9840301 .308476

9650 .9745936 .2978809

9600 .9b51987 .2S 49 186 2 . 3350

w-tEA!O . 95584F5 .29 196513

.9500 •9465Z34 .21890090

94 50 .9372628 .2860620

9400 .9280333 .2.3-206 2 .3168

S 350 .918844. .2801851

.9250 .9005903 .2743326

.9200 .8915240 .2714162 2 .2984

.9 1 50 . 8824982 . 268"50 ,6

91 00 .8735126 ,6 -s C 0". 2
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Table I (Continued)

'- '00 ' ,- ."Md ' d= ... < i

x y m

- .0150 --. 0148167 °1300137 1.0041
- .0200 - 0197116 . 1300282 . 98a
- .02 50 - .0 46264 .1:3004 93 . 993 0

- .0300 - .0295412 . 1300769 . 9874

- .0350 - .0344560 . 1301 100 .N 8 19
- .0400 - .0393707 . 1301514 *9764
- .0450 - . 0442 53 . 1301984 . 9710
- 0500 - .0491999 . 1302519 9655

- .0550 - .0 54114-3 .*1"103118 .)601
- .0600 - .0590 287 . 1303703 . 9547
- .0650 - .05 39429 . 1304512 .9493

- .0700 - .0688570 . 1305305 .9439
- .0750 - .0737710 .1306163 .9386
- .0800 - .0786848 .1307086 .9332
-. 0850 - .0835984 .1308074 .9279

- .0900 - .0885118 . 1309126 .9226
- .0950 - .*0 934250 .13 10243 .9174

- .1000 - .0983380 .13 11-23 .9121
- .1050 - 1032508 . 1312669 .9069
- .1100 - 1081 634 1313979 .9011
- .1150 - .1130757 .1315353 .8965

-. 100 -. 1179878 ,1316792 .89 14

- .1250 - 1228995 * 1318296 .8862
-. 1300 -. 1278110 . 1319863 .88 11

- 1350 - •1 27222 . 1321495 .8760
- .1400 - 1376330 . 1223192 . 8710

- 1. 1450 -. 1425436 . 1324952 .8659
-. 1500 - . 1474538 , 1326777 .8609
- . 1550 - . 1523636 . 1328666 . 8.3,9
- .1600 - .1572731 *1330620 . 8509
- .1650 - . 1621822 1332637
- 1700 - 1A70909 *1334582 .8410

-. 1750 -. 1719992 *1336865 .a361
- *1800 - 1769071 ,1339075 .8312

- .1850 - *1 818146 1341349 .8263

- 1900 - .1867216 . 1343087 .8215

19 0 - .1916281 . 1346080 8167

.- v tj U - * 96 5 342 1 13 4'~t a::;i

- .2050 -. 2014398 ,1351086 .8071
- .2100 - .2063450 .1353680 .8023

- .21 50 - 21 12-496 . 135 ".38 .71976

- .2200 ..2 1 1 5 37 . I :j a_; jo .7
- . 2250 - 2.110573 , 1361846 . /882

- .2300 - 2259604 * 1364696 .7835

2350 - ,'30 0629 # 1367E10 /489
2400 - 357648 170587 . 7743

*2 4 S0 - . 2406661 .13736.R ' . F"
- ,2500 ,45779 * 1376730 * 76 1

, -0, 4b~ 0- .2 04 7 13. .02
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Table 1 (ContLnued)

(b) Md = 3.500, qd 0.130, (4 < 4I)

x ym

- .2600 - .2553666 .1353135 .7560

- .2650 - .2602655 .1386431 .7515

- .2700 - .2651637 .1389791 .7470

- .2750 - .2700614 . 1393214 . 7A26

- .2800 - .2749583 . 1396701 •7302

- .2850 - .2798546 . 1400252 . 7337

- .2900 - .2047501 .1403866 .72) 4

- .2950 - .2896455 .1407544 .7250

- .3000 -. 2945392 .1411285 .7207

-- 3050 - .2994326 1415089 .7163

- 3100 -. 3043253 .1418957 •7121

- .31 50 - .3092172 . 1422889 •7078

- .3200 -. 3141084 .1426884 .7035

- .3250 - .3189988 . 1430942 .6993
- 3300 - .3238864 *1435064 .69.1

- .3350 - .3287772 .1439248 .6909

- .3400 -. 3336652 .1443496 .6868

- .3450 - .3385524 .1447808 .6826

- .3500 -. 3434388 *1452182 .6785

- .3550 - .- -83242 .1456620 .6745

- .3600 -. 3532089 .1461121 .6704

- .3650 - .3580926 .1465685 .6664

- *3700 - .3629755 . 1470342 . 6623

" - 3750 - .3678574 * 1475002 .6583

- 3800 -. 372738S .1479755 .6544

- .3850 - 3776186 .1484572 *6504

- 3900 - .3624978 01459451 .6465

- .3950 - *3873"60 .1494393 .6426

--.4000 - .3922533 .1499398 .6387

.41 0 -,4020050 .10Q'm.W *e,310

- .4200 -. 4117526 .1520047 .6V34

- .4300 -. 4214962 .1530748 .6151

- .4400 -. 43123,6 •1541699 .6085

- .4500 - *4409708 15 ."vO
1  .6012

- 4eO0 - .4507015 .1564354 *5940

- 4700 -. 4604278 .1576056 .586et

- 4^AO 0, - 4 7 11 4 AQ I . a f-. t Q l A -P . -,

S g4900 - .4798669 .16002 1C Ti 7 2 8
-- f 0 . 1612660 5A-

- 5100 - ,4992865 1 162 '- 3 . 5 9 1

.5200 sOk98Q1 162830=t S C,24

.5300 - 51 .68 b6 .1 6, 1 04 5 4 57

.5400 - .528
3 79 0 16649-9 5 '39 .P

- 5500 - . 530. 0 G62 . 167, A641 S 5 '7

.-5600 * 547 74 80C 1G92328 5 2 L4

- *5700 - . 55"4 '45 .1706767

.5"00 - *56709'54 ,1721200 5 1 3

* *~?00 S *7C.(,03 *7 8M

0- 60008 - 8 4 ;0- 1"7 0806 5 017

215 WADC TR 54-279



Table I (Continued)

d- 3.500, qd 0.130, (, <

x y M

- 6100 - 5960744 * 1 76597A * 4 57

.6200 - .6057223 .178139A *4898

-. 6300 - .6153644 *1797059 .4840

-. 6400 -. 6250004 .181296b .4782

- .6500 -. 6346302 o1829118 .4726

- .6600 -. 6442538 .1845515 .4670

- .6700 -. 6538710 .1862162 *4615

- .6800 - .6634818 . 1879039 .4561

- .6900 - .6730861 .1895957 4507

- .7000 - .6826839 . 1913535 . 4454

- *7100 - .6922740 .1931148 *4402

-. 7200 - .70185' 0 .1949002 .4350

- .7300 -. 7114364 .1967098 .4300

- .7400 - .*7210067 . 1985436 . 4250

- .7500 -. 7305700 *2004014 .4200
-. 7600 - 7401262 *2022834 • 4151

- .7700 -. 7496751 .2041893 .4103

- 7800 -. 7592 167 .2061192 •4056

- .7900 - 7687509 .2080761 .4009

- .8000 -. 7782776 .2100509 •3963

- .8100 -*7878967 .2120526 .3918

- .8200 -. 7973081 .2140781 .3873

- .8300 - .8068118 .216 1274 *3829

- .8400 -. 8163076 .2182004 .3785

- .0500 - 8257960 .2202972 .3742

- , 8500 - .8352753 .7224'1 76 . 3700

-. 8700 - 8447470 .2245616 .3658

- 880 - .8542106 .2267293 .* 17

- .8900 -. 8636658 .2289205 .3576

- .9000 - 8731 127 .2 11351 .3z: 6

- .9100 - .8825523 . 2333683 .3497

- .9200 -. S?1D8 11 .2356345 . 3458

- .9300 - .9014024 .2379197 . 3419

-. 9400 -. 9 1 0 149 .2402280 ,3382

- .500 - .9202 187 .2425595 . 3344

- 9600 - .929G137 .2449142 .330"

- .9-00 - .9389996 .2472922 .3271

- 9800 - .9483766 .:.496932 , 323o

- .9900 -. 9577444 .2521174 .. 4200
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Table 1 (Continued)

(h) Md 3.50C, 'id= 0. i30 ( )<

xy M

0000 -. 0000521 . 1300089

.0125 .0122348 .1300496 1 0350

o 1 50 .0146921 10 06 27 1 0379

*01 75 .0171494 * 1300773 1 .0407

0200 .0196067 . 1300936 1 0436

.0225 .0220640 .1301115 1 0455

.0250 .0245212 . 103 1310 1 .0493.

0275 *0269785 . 1301522 1 .0522

0300 .0294357 .1301750 1 0551

032 5 01928 1301994 1 0579

.0350 .0343500 .1302254 1 .0608

*0375 .0368071 1302532 1 .0637

0400 .0392642 .1302825 1 .0666

.0425 .0417212 . 1303134 1 .095

.0450 .0441 782 .1303460 1 0724

0475 .0460352 . 1303802 1 .0753

.0500 .0490920 .1304160 1 0752

.0525 .0515490 . 1304535 1 0811

0550 .0540058 .1304926 I , 0840

.0575 .0564626 1305333 1 0809

0600 .058919A .1305757 1 0899

*0625 .0613760 .1306197 1 .0928

.0650 .0638327 .1306653 1 0957

.0675 0 662893 .1307126 1 *0987

.0700 .0687458 . 1307615 1 ' 101 f

.o725 .0712023 . 1308120 1 *1046

.0750 .0730587 . 1308642 1 • 1075

0775 .0761 151 . 1309180 I .1105

0800 .0785714 .1309735 1 .1134

.0825 .0810277 .1310306 1.1164

.0850 u834839 1310893 1.1194

.0875 .0859400 . 131 1496 1 1 22J

0900 088 - 960 . 13 1 eI 1 1253

092 5 0 90 81,20 . 1312753 1 12 L.3

0950 0933079 .1313405 1 1313

0975 .0957638 .1314075 1 .1343

10nO .u982195 . I '14760 1 . 1373

0 , L_ O "752 .315462 1 1403

1050 .1031 308 1 0 i 60 : .

10 75 10558 64 , 1316915 1 1463

1100 .1080418 . 131 "- 66 I *1493

1125 .1104972 * 1318 .34 1 1523

11 50 1129525 .11 9';18 1 1

1 1 '79 1 040 77 13 .20O0 18 1 "1 t3

1200 1 178628 *1320835 1 1613

1225 12C,3178 *1321668 1 16-44

1250 .1227728 .1322518 1 1674

1275 1252275 . 1323364 1 1170

1300 *1276823 * 13242 6"7 1 17.-*
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Table I (Continued)

(h) hd - 3.500, 'd= 0.130, <

x y M

.1325 , 1301370 • 1325166 1 . 1765

.1350 .1325915 , 13ib081 1 .1796

*1375 *1350460 .1327013 1 . 1826

,1400 ,1375003 :1327961 1 .1857

.1425 ,1339546 . 1328926 1 .1887

1450 . 1424087 • 1329908 1 . 1894

.1475 .1448628 .1330905 1.1949

.1500 .1473167 . 133 1920 1 . 1:,79

. 1525 . 1497705 . 1332950 1 . 2010

1550 .15V2242 . 1333998 1 .2041

•1575 . 1546778 0 1335060 1 . 2072

1600 01571313 0133614> 1.2102

:1625 . 1595847 . 1337238 1 .2133

.1650 . 1620379 . 1338352 1 . 2164

.1675 .1644910 *1339481 1 .2195

1700 . 1669440 0 1340628 1 . 2226

1725 .1693969 01341790 1 ,2257

*1750 .1718496 * 1342970 1 . 2288

*1775 *1743023 01344166 1 .2296

.1800 .1 767547 0 1345378 1 . 2351

*1825 .1792071 *1346607 1.2069

: 1850 .1816593 .1347852 1 . 2413

*1875 .1841 114 a 1349114 1 .2444

:1900 .1865634 . 1350393 1 .2475

*1925 .1890 152 .1351688 1 .2507
1950 . 1914669 0 1353000 1 . 2538

.1975 . 1939184 0 1354328 1 . 2369

.2000 .*1963598 * 1355673 1 . 2601
*2025 .1 988211 . 1357035 1 .2632
.20 50 *2012722 01358413 1 .2664

.2075 .203",231 . 1359807 1 . 2 6 9 5

.2100 .V061739 .1361218 1.2727

.2125 *2086246 .1362646 1 . 27V8

.21 50 •2110750 . 1364091 1 . 2790
21 75 .2135254 . 1365552 1 . 2821

.2200 .2159756 .1367029 1 .2853
225 .2184256 01368524 I .. ed5

7 2 . , 0 A4 1370035 .2 ,917

.2275 .2233251 .1371562 1 .2948

.2300 .2257747 . 1... 3107 1 .2900

*2325 .2282240 . 1.- "• 667 1 . 3012

*2350 M 306732 0 1.47r245 I . 3044

2375 .2331222 a 1377844 1 . 3076
.2400 *23=.N-711 .137a'4-0 1.3108

2425 *2380 198 . 1381078 1 . 3139
.2450 ,2404683 .1382722 1.3171

.2475 .2429166 . 13S L" 8J I . 32c.,3

.2500 .2453647 G 1386060 1 .3235

252 .2 478127 .1387754 I . Z *,
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Table 1 (Continued)

(h) Md = 3.500, = 0.130, (4 <

x y
.255o •2502605 .1389465 1 •3300
•2575 .2527081 .1391193 1.3332
.2600 .2551555 . 1392938 1 .3364
.2625 .2576027 . 1394699 1 .3396
.2650 .2600497 . 1396477 1 • 3420

.22675 ,2624966 . 1398271 1 .3460
.2700 .2649432 . 1400082 1 -3493
.2725 .2673896 . 140 1911 1 3!
.2750 .2698359 .1403755 1 .3557

.2775 .27228 19 . 140 ,617 1 .3S90
.2800 .2747278 . 1407495 1 .3622
.2825 .2771734 . 1409390 1 .3654
.2850 .2776188 . 1411302 1 .3687
,2879 .2820641 , 1413231 1 .3719
.2900 .2845091 . 1415177 1 . 3752
.2925 .2869539 .141713 1 .3784
.2950 .2893985 .1419118 1 .3817
.2975 .2918428 . 1421114 1 .3850
.3000 .2942 fO . 1423127 1 . 3P82
.3025 .2967309 * 1425156 1 . 3915
.3050 .2991747 .1427203 1 .39,17
.3075 .3016181 . 1429266 1 .3980
.3100 .3040614 . 143 1346 1 .4013
.3125 .065045 .1433443 1 .4045
.3150 .3089473 .1435557 1.4078
.31 75 .3113899 . 1437688 1 .4111
.3200 .3138322 . 1439836 1 .414-1
.3225 .316274.3 0 1.44 ;0 1)0 1 .4176
.3250 .3187162 . 1444181 1 . 4209
.3275 .3211579 .1446380, 1.4242
.3300 .3235991 .144 95 1 e, S) I.-1275
.3325 .3260404 .1450827 1.4308
.3350 .3284813 . 1453076 1 .4141
*3375 .3309220 . 1455342 1 . 4374
.3400 .3333624 .1457625 1 .4407
.3425 .n135 026 ,1459925 1.4440

3 34!:,0 .3382425 . 1462242 1 . 4473
.3475 .- 4UO6.2. . 1 4G 4.: 7 C . .15n
.q500 .3431216 .1466927 1 .4539
.3525 .3455607 0146"q .. 95 1.4572

S 50 .3479996 .147 1 80 1 .4605
.3575 .3504303 .1474o2 1 .4639
. 3600 0'3'-i 2876 6 . 1,176501 1 .4672
.3625 . 3553 147 .1478937 1 . 4705
.3650 .:1577526 .1481390 1 .4738
.7*167b> .3t01901 .14838C60 1.4771
.3700 .3cj26274 , 1486347 1 .*80F
.- 3725 .3 6.%0 64S . 148 &' 51 1 .48,38
.37!70 .367501V .149 1372 1 .4871
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Table I (Continued)
W Md = 3So,'d = 0 , l

x y M

.3775 .3699377 .1493910 1 4905

3800 .3723738 .1496466 1 .4938

.3850 3772454 . 1501628 1 . 5005

*3875 .3796807 * 1504235 1 . 5038

.3900 .3821 157 . 1506858 1 . 5072

.3925 .3845S0t . 1509499 1 . 5105

.3950 .3869350 . 1512158 1 . 5139

.3975 .3^94191 .1514833 1 .5172

*4000 .3918%30 .1517525 1 . 5206

.4025 .3942866 . 1520235 1 .5239

.4050 .3967199 . 1522962 1 .5273

.4075 .3991528 .1525706 1 .5307

.4100 .4015855 .1528467 1 .5340

.4125 .4040 179 . 1531246 1 .5374

.4150 .4064499 .1534042 1 . 5408

.4175 .4088816 . 1536855 1 .5441

.4200 .4113131 .1539685 1.5475

,4225 *4137442 1542532 1 .5509
.4250 .4161750 . 1545397 1 .5543

.4275 .4166055 0 1548279 1 . 5576

.4300 .4210356 0 1551179 1 . 5610

.4325 .4234655 .1554095 1 .5644

,4350 .4258950 . 1557029 1 . 5678

.4375 .4283241 . 1559981 1 .57 12

.4400 .4307530 .1562949 1 .5746

.4425 *4331815 .1665936 1 .5780

.4450 .435G.096 . 1568939 1 .5813

.4475 .4380375 .1571960 1 .5847

.4500 .4404650 . 1574998 1 .5881

.*, A525 .4428922 .1578054 1 .5915
*4550 .4453190 . 1581127 1 .5949

.4 5"- 5 . 44" 7455 .1584217 1 .5983

.460n .*4501716 . 1587325 1 .6016
.4625 .4525974 * 1590451 1 .6052

*4650 .4550229 a 1593594 1 . 6c86

.4675 .4574479 .1596754 1 .6120

.4700 4 4b9a f = € . - 1 t . ft -5-%

.4725 ,462297'U .1603127 1 .61a e
.4750 .46472 10 . .1506340 1 .6222
.4775 .4671447 . 1 6 9571 1 .6257

.,800 .4695679 1,6 26 19 1 ,"291

.4825 .4719908 ,1616084 1 . 6321
44850 .4744134 .1619368 1 .6359
1-4875 @4768355 .1622668 1 *6.9 4

AVID.475;2 573 *i62tN987 1 6 a~
A ,a2% .481768 16-"., 323 1 .6462
04950 .4 40990 ,163267b 1 .6497
.4975 .48G0204 .1636048 6531
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Table I (Continued)
WI) Md a 3.500, ,nd a 0.130, < Z

i x r
.5000 , 4889407 .163943- 1 .6565
.5025 .49138.7 0 164 843 1 .6600
.5075 .493780 1 164626A 1 . 663.50075 .. 49619 • 1649710 1 .6669
.5100 .4906179 .1653169 1 6703
.5125 .5010363 .1656647 1 .6738
.5175 .5034542 .1060142 1 .6772.5275 .5058717 8 16636;5 1 .6007
.5200 .5082888 , 1657 166 1 .6841
.5225 .5107056 . 1670735 1 . C876.5250 .5131219 .1674301 1 .6910.5275 .515537 . 1677886 1 .6945
..5300 ,579s33 16C 1488 1 .6979
.5325 .5203684 . 1685106 1 .7014.5350 .5227830 .1688746 1 .7049.5375 .5251972 .1692402 1 .7083
.5400 .5276111 .1696076 1. 7118
.5425 .5300245 .1699767 1 .7 153.5450 .5324375 0 1703477 1 .7 188
.5475 .5348501 , 1707205 1 .7222
5500 .5372622 .1710950 1 .72575525 .5396739 . 1714714 1 .7292
.5550 . 5420851 . 171849S 1 . 7327.I575 5444959 .1722295 1 7362
. 600 .469063 , 1726113 1 .7397.•. 25 .5493163 . 1729950 1 . 74 32
.5650 . 551 725a . 1 733803 1 . 7466
.5S7 ,.5541348 .1737675 1 .7501,S!00 . 5565434 . 1741565 1 . 753.6
,5125 . 5589515 . 1745473 1 .7571

5 ?so . 5C1 3 5 9 2 .I-- 1"4-V400 1 . 7606
. 5 7 1 5  

n5 6 3 76S4 .1753345 1 .764 1.58aco 566 1 732 ,1757308 1 . 7676
.se 5 .5685795 . 176 1289 1 .7711*5A i .,5709854 .1763 88 1 7 4If.. 587 ,5733907 .1769.306 1 .77802

.5o .'773342 1.78 17I.5925 .5702001 , 17773 1 .7852
.5950 .5806040 * 178 1." t..9 1 .7887
.S975 .5830075 . 1785 , 1 .7922
.6000 .58.4 105 ,178 6 E.9 1 *79t*5
.6025 5 e 7 8 130 .1793797 1 .7993.6050 S W C 2 1 5 1 . 1797943 1 . 8026
.6075 .5926166 .1802108 1 .8063
,6100 .5950 177 ,108291 1 .8099..6125 ,5974182 . 1810492 1 .8134
.61 s0 .39 s e 103 .18 1471 . 1 . 8 169
*1. 7.a . . 6022178 .1818951 1 .8205

.6;200 .. 6046169 *1823200 1 . fS 240

221 WAN. Pro t. vivo



Table I (Continued)
(h) Md = 3.500, d= 0.13U, ( 1)

x y M
.62 5 .6070 155 .1827484 1 .8276
.62,0 .6094135 .1831778 1 .8311
.6275 .61 181 1 1 1 d36091 1 .8 346
.6300 .6142081 .1840423 1 .8352
.6325 .6 166046 . 1844773 1 . 8417
.6350 .6190006 * 1849142 1 .8453
.6375 .6213961 .1aEA3530 1 S 489
.6400 .6237911 * 1857936 1 . 8524
.6425 .6261855 .1862361 1 .8560
*6450 .6285794 . 1866b05 1 .8595
.6475 .6309728 .1871268 1 .8631
.F500 .6333656 .1875749 1 .8667
.6525 .6357579 . 1880250 1 . 8702
.6550 .6381497 * 1884769 1 . 8738
.6575 .6405409 . 1889307 1 .8774
.6600 .6429-16 . 1893865 1 .8810
.6625 .6453217 .1898441 1.8845
.6650 .6477113 o 1903036 1 . 8881
.6675 .6501003 . 1907658 1 .8917
.6700 .6524888 .1912283 1 .8953
.6725 .6548767 . 1916935 1 .8989
.6750 .6572640 .1921607 1 .9025
. 6775 .6596506 * 19262 l 1 . 9061
,6 O0 *6620370 * 1931007 1 * 9097
.6M25 . 6644227 . 1935735 1 . 9133
.68 50 *6A68077 .1940483 1 .9169
.6875 ,6691922 .1945251 1.9205
.6900 .6715761 .1950037 1 .9241
.6925 .6739595 .1954843 1 .9277
o6952 .6763422 . 1959668 1 . 9313
.6975 .6787244 . 1964512 1 .9349
.700C .6811059 . 1969376 1 . 9386
.7050 *68S8673 1979162 1 . 9458
.7100 .6900263 * 1909026 1 .9531
71 50 .6953828 .1998968 1 . 960j

.* "00 .7001-j69 .200898! 1 .P676
7250 .704886S .20 19087 ' . 9749

.7300 .7096376 .20292bf 1 .9822
•f J50 .7143841 02039522 1 .9896
.7400 .7191 282 .. "' 98EC3 1 .9969
.7450 .7238696 P206;0274 2 * 00 2
. 7500 .,11286085 .2070770 2 . U 116
.7550 .7333448 .2051346 2.0190
.760C .7380783 .2092003 2.02C_3
.76,0 .7428093 .2102741 2.0337
.7700 .7475365 .211"567 2.0412
.7750 *7522629 .2124460 2.0486
.7FO0 97569A57 o P 1 3t-,44 1 2 0BG0
. 7M50 .7617056 .2 1 S 50 B 2. 0V3.S

WADC TR 54-279 z22



Table I (Continued)

(h) Md = 3.500, = 0.130. <

x y M

S7"900 .7664228 .2157652 2 .0709

•7950 *771 1370 .21 686Lt , 2. 0784
.8000 .7758485 .2180193 2 .0859

.8050 .7805570 .2191588 2.0935

.8100 .7852626 a,203067 2 1010

.8150 . 7899653 .*214630 2 1085

*8200 .7946650 .2226277 2. 1 '161

.82)U .7p99367 .2238009 2.1237

.8300 .8040554 .2249826 2 . 1313

.8350 •8087460 .2261729 2 . 1389

.8400 .8134335 .2273718 2. 1465

.5450 .8181 178 .2285792 2 . 1542

8500 .8227991 .2297953 2.1619

.8550 .8274771 .2310202 2 . 1695

*8600 .*321519 .2322537 2 . 1772

.8650 . 8368235 .2334961 2• 1850

*8700 .8414918 .2347473 2.1927

.,8750 *8461569 .23b0073 2 .2005

.8800 .8508185 .2J 2762 2 .2083

.8850 .8554768 .2385541 2 . .161

.8900 .8601318 .2398410 2 .2239

.8950 8647832 .241 1369 2 . 2318

.9000 .8b94312 .2424419 2 .23So7

.9050 af740758 .2437560 2 .2476

.! 100 .8787168 .2450793 2 .2555

.91 50 .8833542 .2464118 2 . 2634

.92C0 .8879580 .2477536 2.2714

.9250 .*926182 .2491048 2.2794

9300 .8972448 .2504653 2.2873

.9350 .901 0676 .2518352 2 . 29-4

.9400 .9064867 .2532146 2 . 3035

.9450 .9111 020 .2546035 2. 3" 16
9500 .9157136 .2560020 2.3197

.9550 .9203213 .2574101 2.3279

.9600 .9-.49251 .258 8 A2 80 2 33 E 1
. ! .0 . 9295250 *2 SO.2555 2 7- 44 -

.9700 .j4 2 10 .. C1' c 2, 1 5

.9750 .9387130, .2631402 2 3608

.9$ 00 $9433009 .2645973 2 it,:,91

.9,850 . 947 A 849 . ;:" 0645 2 3774

. S900 .9524647 . 2-- 'b -.- S417 2 38 r- -.al

.99t:0 .9570404 .2690289 2.3941

1 .0000 . 9616 119 .2705264 2 .4025

1.0033,627 .9646659 2 7 15332 2 4082

-Iftection point for M 3.500 nozzle.

2Z3 WADC TR 54-279



Table I (Crtinued)

(b1) .,u3.500, il. .1M

z y 3
2 .4061630 5 36S6(4 .8826504 35000

2 .4050 5 360 7 .845 5. 3 3 499 1

2.4000 Si600 8. 26-7 3 41553

2 .3950 5 .31 126 .82586 3 49 I5

2.3900 5,2%e59 .88251. 3.4377

2 . 3650 5. ,26;.0,4 ,882-12. 3 14639

2 .3800 5.23757 .8862298 31 .4801
2 .3750 5 .21 3-1 1: •88 '148 3 .4764

2.3700 5 .18892 .ef 1972 3 4-7;
S.3650 S16474 I81774 3.468

2 .3600 . .14066 .88 15--14 3 46%0

e .3550 5 ,11667 .881106 3 4612
2,3500 S,09276 .881)2V 3.4575

2 .3d0 s .0689 .810738 3 4537
2 3400 5 .043524 .880415 3 .449 Q
* .3350 5 .02162 .880 110 3 4462P

2,4J300 4, *ftut79704 3 *4424
2,3200 4.951288 .8786963 3.4349
d .. 100 4 .904052 .8779842 3 .42 4

2 .3000 4 .858758 .8770066 .3 4 1 P9

- ,2900 4.813008 .8759242 3.4124

2 . 280) 4 . 767617 .8747SS 3 .4050

2.2700 4.722562 .8734929 3.3974;
.-. 2600 4,677"41 ,8721460 3.390 1

w .2500 4 .633373 8706082 3 38d6

2.2400 4.58939; ?8bV 1944 3.3752

2 . 2100 4 . 5456.7 ,887 59305 3 3677

2.2200 4.502240 *,,aS910" 3.3603

2 .2100 4 .4591 51 .8641449 .3 3429

2 .2000 4 41630v .te;22.90 3 :4ss
2. 1t0 0 4 .37389? .P,,atU J6044 3 3381

2 1800 4 33 174f, .8 8.3 0." 3 31307

2 10 42 a 8et9 1 .8..6p.89 1 3 3'33

* 1600 4 2483 .2 ,* '.4 1J13 3 j 160
"• .00 , Z.07090 ,851 98) 3086

A onf 4 *166 1 -4 a n 4.

2 1100 4 1 A 4 a GL J , V.'L?
*0 Z! ..' *a %UJ W .. 14 4 f j4 12 31 d %.

2 ,1100 4 . 013 , 842 0 2,9 1 .1 .''74 2

1, 1000 4 .00t-2 15 ,% '.) .. 0 5 . 27 1 f
2 .0900 3 . W C, 5 696 .836 tt 14 3 2 4 5 S

1*otoo '% 9 t2 6 4!' a *4 4' ;d I - .0 IL!

2 .0700 3 8% 7 4 9 6 .M:: i a t) I w- 3 *-a.AJe

2 ,0O0O :1 84 *r) 0t2aJ7 13 n 4 5 .3 V ,
~~~*# I QA :. 1 3 93 . 8-'e441 .

0 04 1n' .1 , 7722 4S (II, .'S9 A . , . :

030 0 9.7343b% ,A IJ5 id4 3 s20

. . 0 C' 0 31 , , ft 7 4 t e .I b8 J .' " 2
.0100 1 . f4.-Q 1T t:49

WALN. I- R 54-279 224



'Tabl, I (CaatURS.4

.0000 3 .622296 86099 .172 :3 . 1906

.900 3 SGS460 a*C>6 5&' 4D-a :3.1

3 S4667S *8031966 3 1640

1~6O 3"766 746229-

. 9500 3 .440630 . 79OW2095 3 l621

.9g400 3 .40504 -OO78 4.a320 0 3 7

I *'3OC 3.369700 *76 53200 3 I I7'5

39200 *;334596 3.1329~*4U

. 9100 3 .2 99 73 7' *775 .12

. 9000 3 .2651 1-" 07730960 3. -25b

'o .6900 3 .230725 -? C 9 T34 3 .161

3 .. 1~o 3,t4bs7o *7699 21 31. 10

.8^S00 3 162640 176195SA 3.1037

.*600 3 1289I513 * 7 7 J 0964

06*o 00 ' U 549 0 * 7 45 3 71 %33 3 . 0 0P

. 8400 3 .06277S *7452S76 3 0,141

1.6300 3 .0O2 S t J0 -F 4 0 94 O 3 v 67 2

8200 2 a93 7 .7 3 SC80 3 05 V

j .8000 2 9 3 75 732169 9 3 0 52 0

. 7900 2 .699395 '72717 0 ("70d

*i7#%O0 2 bb7479 7 *?366 3 .306

. 7700 2 .0357
7 '7  *t60 0

a 00 ~ .80 4206.- * 1 39994 *0 7 1

a *7 00 2 .77302 t% *7 09 W 9~ 1 VuIS 4

17400 .f1 Q 7040103 J 00 5

I1 7300 2.7110055 *949 3.01'

1 *700 2.660434' *69S0d46 29 3 8

1 . 7 2 0 0 9 9 1 0 6 4 4 0 1 4 i Op A 2 . 6

1 7000 2 *4~~7 *~?6 1 2 . 979 0

.70 0 0 ;js 2 . 0 ' '% . E 2 b 0 ;?.9 7 .6

0 964 ' -s" !h 9 ' 3 ' r 7% 2 8  2 %. f

t4 .3~ , *1 3 2 2 16 2 9 AE

1 C 0 (1 4 7 1 E3.67 4 4 f 0 1 2

1 *6 700 
to 796'~ '*~:

6100
I~~ of.)l 70.iO Q ' ' 7 1 ; "'

1? 9.

0 g 0Q)d *~~
3 ?~ !~ )

j jp J4 * 4 * jt
0 *-60

~~~' to to it * 44 ~ 7 M

0 1 .** , '.tt ~ ' 1 .

j~~~ 0. It ~ p * ~ I a4~ . '* . '

WADO II S4-279



Table I (Ccicluded)
(h) Ma a 3.500. G .I30. ( 3

x y

1 .5000 2 .JG C4 h C .at %777Ma4 2, Ii8.

I 240) .02964?6 ',720051 2 L% P 04

1 4#46O0 2 .00 3 v 1 0 .56I 1 , 4.1 W , 131

1 .4700 1 .'779601 0dO 3:19 a .6053

1 41; CIO i . S 3' 2 d-2) 0,F. 4 4 4 i4 2 .? ?

'1 4500 1 , :26841 ' . 34 o6.:J0 4 2 7I -  U

S*. 440 1 .g015417 .5 4253f 2.7e20

1 . 4-O :1 0 *8.764JAI t b6 to A2~ d* k 74 1

1 .4dUU 1 .*514603 .5306030 2 "6 P

1 .4100 1 .0267170 . . 04570a 2.7183

1 .4M00 1 .a021 313 .5 185 121 2 0. A

1 .3900 1 .7777229 55124461 272'5

I . :,fCi- 1 .7.34908 *506 31!)7 2 -7 3 4S

1.*3700 1.*72q44350) *501pno 2.72ti5

1 3 60C 1 T 0 55 546 .4Q40343 2 7 104

1I . :boo mt 0 41 44 V .7ES4397 2 7104

1 .)Vl0 1 .6563189 . 4 f IC-6 ? 2 7 t :?

1 .1300 1 .0349625 *4754%PA 2 f.W4P

I .:),tO0 I .C.% 3 1 17 ' .*469w227 2 e ,-

I ,.300 *,a677Q . 4 ? 9 7 2 '7 b

1 .*4000 1 . 50'934O .4.S67263 2 Ls96

I *, -? *5bI 434433 .45~02399 ;0116b 13

1 2#400 1 w*520777o .*444 1568 2 6b 30

1 .2700 1. d 94'c68 .34.7E 2 .6447

1 2600 1 .4763042 .43 1 T 4' S0 2 .6363

1 2%00 1 .A 43 281 .42524 ? 2 ) "7-

I -?,.0( G 1 4.325190 . 4189230 2 6 l so

1 .3)0 I *ioe797 .4126000 2.61!0

1 .2200 1 .2894097 *4060"732 2 602%

1 .2IO0 1 .3661002 9 4-,3 # 4 . 447 561.3 1

1 20C0 1 .3469749 '44 3616 1 io. j

1 1900 1 .326002b 3 -t% 7 'f 7 S ' V 7

10 1-'s0( c 1 30S2 iI ' ti. 0 Q f;.0 :1 p lb

1 1/00 1 ."794 *t?4 7 A I .t. ** o-, 'o V

1 16 or 2 4b 41 1 C; 1 t4 6 4 o4 t 2 ' . L I.

I s 361P; .S1 5 00 2 4 3 8 1 3J * 1 t, "d f , 7 .n ;' .,4 , '

* 1400 1 .22 36 7#1% , ", 7 : 1M .' t; 4

1 .200 1 1ft3e.C, 1 .1 4 17 %1 7. 5 1

I *11)0 1 .16423J ,1 .,9 1 :,

1 *~. . ie.2 .71% 1 ' 4'.. f

*0900 1 1 5 U 6; 1 . I-, &. I . I a

1 *01%00 1 , 101294 * . o4 f * ., 3 1 .

1 0 7 0.;u 1 .06714 02.1.' 1 .1 OR

S(1 . 0 1 .0 * 9 7 7 4 . 4 ,' $ b( I ' ,h ', 1 ;

1 i0I O0 1 0 I' -4 .%to",. 1 0* 4.:.'*

S " .3 ( 0 1 U I 4 - 4- * . I' ' * * .' 4 *' .1 I

1 0 *' C. 0 *.ed 0,I #, t€: * 1 1 ", 4 (! .' ,|.i ' -

a* 1 ' ( r. 'E 71. 1 4 4 . , ." *,', * ,, .' ,. i :

WAflC IR 14-T9 to 14

WACIRS-7 2



Table A
Deelga chauacerieic oardimtes

A (a) uM4aI.M a

Sd .4197225 .0000000 * 4 19 7 22 5 *00CUUU0,
04 175 .00169432 *4 1 74 A *P u I i697

4 110 .0036100 0,4 1 49 937 .0042318
. 4 P *C OO53J62 041248S2 .0 0 a4 - a3

4100 .0074729 04099733 .00872W2
.40'S *O0947?wO .4074578 *0109846

*00 .01-13776 04049390 *0 .:g 44 4
,0%5 4024167 .0155000S

*4000 .01S3242 *399 v I' *o171"TIf
*31S .0173133 *3977620 002 a*509
39 .0103127 03946297 .0223269

. 30 P Oe1322 7 23922941 .0246113
.3900 .0233430 2097952 .02^8904

3Rl a* D C253738 .3872131 .0O-te190 1
.3S 0274i50 *9.846670 .03144

.38S 02Jb4666 0 38 '1 19 3 0327074

*3fnl *021t~ae 037956,07 .0360930

6377% *.336010 .37701;1 *0304QiJ
.3 7~ G 0356836 3 7-4 4 S%4 .040-7103

a 3743 03771,60 .3710947 03 1.

0.1700 .0390802 93493310 *0O5367%
J6*I 041WO39 * 3 6 676&44 .04 ?69 16

*3 6 40 0A4 1 1 7 w 3641949 OSQO2-SS
*046W!321 3 6 162 20 u 42364 1

I.GOO 0C4A~qbO6 "-SQO475 *%7 4.%
.39 71, 0U YU S12 n*O569" Oboro-%4%

S '-% .0 so16 *3'JSOWI O05q4n^Q6
S d? $040409 03'51ZOG .0P0 *O6t6 2

#11% 0 *u775 9 *34647VO2 0441 *26
3 47 r. u 5 9 7 1 0 J 4 I IJ I C *b4 9 5a

34950 0 #1 1.lo7C00 *34 OIS4 10 00086t%77

.142%, 90"3991,1 0409477 *071WO444

.3400 *Dt0e 16 1 3 3 6 3 S;0
0Oghetis!0 *3?to 01e.70120

It~1 3 31 S 3 b .0 ?*4ovi

4.30~~. %' *1 a.1d w4 * ** ee U *i

#1~ ~ ~~~~~~'4. *4 r* I~ ,1t.*.1.'. U4e9

* je02 1 4  a .0o

U4 of T.e I '40*.10u.4 0 j It' b
1* 7i,), ,.'l Il. I@$ If*., I %0c top(I

4 ~ ** 0 t ~ 4 7 0% 1 is %A 0) I 7I. ~ *~ 4 1., I's I

** *' Ia'U444i t) 0 . '. is to% V1 Iv .
9~~~~~~I~%1 60 6 a asD .. % - so~~* ) * '* ''~

*2?IA ?ADC h4.2?



Table Z (CmudNW4
(a) IN- a.50

.*29 .1052052 .2939150 .1146167

.295O .107 084 .f9 12674 .1172616

.292S .1100001 ,464s079 119746

.2W0O .1124102 .2060274 .1222199
.2875 .1140267 ,20339S .1246950

2 f SO 1172N3g .2607633 .1271741
.2825 .1196901 .2761400 . 2 6s 6
.200 .1221320 .2754940 .132143s
,2775 .124532 .2728613 .1346336
.2750 .1270414 .270220 .137127b
.2725 .1299071 .267Us2 ,1396249.2700 .1319001 ,2643 S1 141Z54
.2075 .1344604 .2623176 01446293
.2650 .1369477 2S*66e1o .1471362.262S .139441W *S70442 1.d4401
.2600 .1419427 ,25447s . 1S2166
.2STS .1444501 .2SI7700 .14742
.2SSO .1469630 jV1..43 ,1571921
.2 1 624**W01 *1712s

WADC Wt 04 88 Ai



Twus 2 (CuktIMUS4

.39077 OV000000 *5VOP7 .0007r
.5650 .003095S *56499 .00414
.5600 Oc05806J O37*9,1 .00O77-rs
.5750 .0005433 057497 .0 1 1 d6O

S5700 .011307 .569,40 .01.096oe2
Soso0 014097 *S04AS*16u

.5600 0016014 a.4tI979 .02-2

.5550 so 19757 * s54 72a *C 2'- 4A9

.5500 #022627 .54963 O*4!

.5450 05523 .54454 .0-1.41 16

.5400 .026446 .53043 o:, ;7.

.S350 .031.395 .52432 *0 t) .C3

.5300 .034371 5S2920 .0 .4 O' 4

.S50 .037373 0 S24CP 7 .041770,39

.5200 *0404 ' .516920.-'7

.5 1 0 .0414S7 0 s1 3 "- 0!'.I.01

.at 100 .046539 .SO~OG; . IP-i
,Sabo 049647 *50344 04z.

.5000 ,0S2761 449626 006-6

.4950 OSS5942 04930? .0607 bJ
04900 .059129 048787 '07nJ446

As A S 0042342 640367 .07714S
*4f~oo .0e5301 047746 0A0t%4G

.4750 060846 *.7224 O0k455W

*4700 4072137 046702 .068274

.4650 *0 75454 046 170 .091W96

4600 .078796 *4 to6s4 .095721
*4 5tio 002164 *4S1 29 V 09945b

4 0A4S57 *4 4 E04 010319
4a 0 .0a8. 1o OSee *4 40 7 a1069~4

*4400 0092420 043SS2 011s

*4350 6O9GIARA 04 30U5 $11444

*4300 .099V361 e*4 '-s *l711621

.4'-SO*.1 02!#0 *4 1 v p *1 21 W7
0 0 10644 *4 1di4 0 62

41mCII 1 01 *40 1 1 .a 9 5
*4~~~~~ 460D 4 ** 4*

40 2.0 11 al 0 1~6~*1 p ? 0

.4001. . 1 .0O0!* J 9 3.7 2 1 Goonl

. 'avo O0 * '4 5iOJ 7VZI . 4"70
'11 0.1 20 1~ it 0 pei0

Jni f 'o 4 1 a3 1 9 0 *3 7 1 1 1 1%-613

3 .1 1 .Its b3 .3 7 d ' 11%01*4

TO 14 3t%' *3 1 463
1 4(1%04 ,11600 1 A 3~i.

* 6. .U 1' 61 *Ito,0 7b 7 1 4'#.

to 0 1' 0* 4 to %%1

*~.~ t * ~.0.e.3* 4011 4 144 1 Id I

all WAD tR 141"



Tamle 3(cintbmto4
£ ~~b) &t 171

x y
I C- -. 13,n .. 3403 1es:,!

.3 0 a118 .302 3 : 19S836

.3 007 PUI. 3V022 12021*305%o .192,192

:30so .29776 :2

WADC TR M-279



Table 2 (Continued)

Ed II o4, y -v o o o c i.o v o .0

1 .0450 .0004997 1 .04499ps.0 *Oi0d*94
1 .O400 @0 1 4 16 1 ., 030 .0029217
1 .0350 0026936 1 .0349821 .0059934

1 .0300 .0041090 1 .0299442 .008603
1 .0200 .00522651 1 .0240404 .0 109225

1 .0200 .0069570 1 .019910b .0133000

1 *015Q .0077077 1 .0144746 .0158329

1 .0100 .0090402 1.,0303-',P .0102011

1 .0050 .0103084 1 .0047651 .0207247

1.0000 .0115769 9997316 .02316:s7
.**s0 .0125902 .9946721 .0255901
90900 .0141430 .990069 .0280270

***so .0154500 96045359 0304532
.90 0107005 *9794sel .03267390

9750 .0160811 IP743707 .0352900
9700 @0194119 39602665 .0377017

.9000 *@307530 .904-0946 *0401006
9000 *0221044 9590o954 .0425115

990 .0224600 *3bago05 00449007

.9500 .02400 .9460000 .0473035

9450 '0202204 .9427640 *C496920

9400 . 0 VA1 2 3 9366420 .052077-7

9.030 .0290166 .9310158 .0544502
9300 0204205 .9263036 0SG6344

:925n~ 0031*549 .32461 .0592042

9200 .0232009 916'1033 *00'1734

:IU 02347235 .912092 .0639307

*9100 *03MOISIG .9075019 .06095

.905o .037650 V02643% *066501

09000 .0291300 .60706790 .0710004

.6090 040029S &qv9b1I13 .0733404

0900 *'042 124F 06071 176 0756602

Soso0 0436347 80610990 *0760250

:F-80 .0491500 06767754 .0003S92

6790 .0460676 .67156? "QO' 0*0 bA 4
dp 0A A>4 n A A 3e9317 .065c,134%

a60 a0 .0 A9do*46 *60a95 -1 334S
90000 '0913407 $0,W R .14VS1
6930 .0929250 'OS07617.8  .0919642
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Table 2 (Continued)
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. 300 1249J 6902lo3 .2:06

.9200 .12724 *Aqvs0 .24004

.914)0 * 129SO*6 20 62di.!f0

.9000 . 13 1~ w .0716d: * d o 44

.0900 .13433 fieI Ji 4IV

.0700 *3q)jc) .04039 2%103

.,8010 1 41 66 % Wh'4 7 03c

85 10 0 1 4' a * 9 7 , #%I~ 1 i a"%

wAjD(. 'R $4.179 242



Tabe a (Contimnued)
(6) 3.23sj

4,d 2 ,0,0237Y .0000000 2.090J7?? .0000000
2 .0900 .0000 143 P20900000 ,00g7oo

* .0650 .0003163 7.0^49909 .001691e
* U 800 .0006200 2 .0 VWWsb 7 .00 3:3 W2
2.,17SO .000925? 2.04TAVO .0049060

2 .0700 .00123-41 7 .C&996J4 1O0 6 -4 i 1 4
2,f (Nl 1001 S40% 2,0649742 .001100

2 .0600 .O018SOb 2 ,059UCi30 ,0tl9"u!,
2.0550 .0 ̂ 1*I A4 2.0549498 .01 12949
2.0500 UUA47nO 2.0499346 .012t%%13
2.04S0 .0027VOO 2.0449174 .0144636
2 .0400 .00.1107 .% 3909 3 .01f041

2.03SO .00342S9 2.0348771 ,n 0 ?7^.61
2.0300 .001o?460 2.029S40 .U191462

2.07u~v v04077 2,024b290 007523
2 .0200 .004391 1 2,019&00O .0221142
2 .0150 .0047163 2 .01477.30 .0 W .s7 2 1
* .fn100 .00S0431 .0097421 2 3,, = CO
2 .0050 .0053720 g? .0047092 .0 6V -S7
*,0000 .00S?020 1 .999674d .020S2 I'l
1,99-%0 .006U340 1.9946377 .0200629
1 .9900 .00"G3677 I *4/9bV91 .031eOO3
1i vnso .0 067 0 32 1 '9 0 4455 a3 3 13 1
1 .94%00 .00?0405 1 ,.!479 1.r I ft q (a aJ46b;2
1 ,*97.O .0073795 1 .97447 1 1 .0 36 1leek1
1 .*970O ,00 7 7110: !1 9 W4 2 S .0 3"77 0t coI
I . b T-0 UO~cA.v 1 .96 4J17 7 .0392260
1 ,9 g-00 .0064ut? 73 1, .. ,O) 4.7J .0407366

1 9U,50 *Jft7%Jtp 1 s 41 . 7--4 C4 :v4 7!6

1.2500 *0O-W 0 0 1 11 1 90%*go 1 7.' .0437520.'
1 .945q0 .00945% 1 is 3 4 1 a, o u0 4 .O~46.,5

1.93 . .0 10 1 %4 1 4 34U4' .04a'40k
1 * 1dloo o 1 u. 1 1 7 1 P It It 8 A0 . 04 97 too

so I9? - '  . 0i t o "1e 44 .". ' - 0 a0% 1 ;6 7

1 .92-0 ' *,0.01U 1 .p 0. IN .0 f*0 11

1 , 94 .t O . , .*J ~ * *' 0 •
I  

H * .ltt* lt 1 *. * ll .. tJ 'l
1 9 0 .01 1 VO1 ,*'* 1. 4 3 , 1 V)'tb

6,4'510U0 ft A 1 ~1t I*' . 4 v ? 4 J*.

1 , 1*6, , 4 1 . "5 1E .i 8% * D I .1 .) 'I* f . . J .0i'

%I 0 &4O1 ILI 01 t 1 01 j 0'I d A', I,4

1 0*1Q0 * t 4 W,1of 1 , it ' I , *1 0 6 O'elO

me e It

1 * fqp' 1, ~ t*( .4 *. . 4 'U I * ,~ *t .1 .5 ~ *t *** *, tt *. . i

I qlt. , U 1 ' .*1 *t 9 1 ,* F' P ) ' 4 16  * * *,e11 . *.

1 * , * ( * I t 'f* I 1t , * *M*I P I I ,' 'S ** | ",.I I



(g) UdE3.25

.Obo C1S4.1 .8477639 .0729697
1.050 .06.43 l.6426724 007430061 .8400 .0172327 I *O37S792 *07t 7p,31,6350 .0176240 1.6324S43 007770TA.

1.6300 .0100166 1.8273677 160706121
1 .8250 .0104130 1 .622094 ecII
1 .8200 .01416132 1 8171093 .0614079
l**I.10 .0192134 1.8120677 .0827094
1 .0100 .0196157 1,6069843 .0641067
1.0050 .0200201 1.0010793 .0699696
1 .6000 .0204206 1 .7967726 .0803466
1 .79s0 .0200351 1.7916642 003231
1 .7900 .0212456 17065543 .0 a96ge34
1 .7.950 .02 16 OG 1,.1014427 .0910594
1.7000 .02207V5 1.7763234 .0924212
1 0774%0 .0224906 1 .7712146 .0 3774if
I .7 7 %: . .0229090 1 .76.9090e1 $0991318
1 .7050 .0233312 1.7009800 *0964600
1 .7600 .0237548 1 .7996604 .09782%4
1 .7550 .0241605 I VS0?39.- 0090169?
1S.7500 .0240085 1.7 4 " 6 A 3  .1005016
1 .7450 .0250306 1 .7404920 .10 143.14
1I40 .io 002S4710 1 .73S3660 .1021610
1.735u .02S3056 1.7302386 .1044841
1 .7300 .0;13424 1 .7251095 .1056029
1 .7250 .0267015 1 .7199730 .1071174
1.720c% .0272220 1,7148463 .1004276
1.7150 .0276664 1,7097134 9109733S
1 .7100 .0201123 1 .7045782 .1 1103RO
1 ,I10%0 .020605C 1 .6994417 .11233122
1 .7000 .0490110 1 .69*3037 .11362ZI
1.6ligo .07"4631 1.O9'01642 .1149137

soo9n .0299169 1 .64-40232 .1161fl7a
. ft ago .0302764 1 ,6760608 .1 17477?

0.6600 *0300362 1.6737U6P 0118713.c
16750 on% 1f~~94 I f 6e 9 1 6 .7CO24i

. %.##lo .U 7'Go7J0 1 fuba4afe P1 129119
1 .0650 0122293 1 A~RM9e 012S5S
1.6600 .0326993 1.6S31A -1 01230%116
.0sSSO .0331710 1 .64799.9.1 012506"1~
.6500 .03364S2 1 *6a'ea44, lE.-t
1.64590 00341219 t 63;C.ood

1 .6400 * 03,6600.0 1 .631,~35,4 .2~l
1 .6250 .0390879 1 .6273790 30:uCJA 3
1 .630C .V3S%66S I ,A2 P2 2 1 3 1s J1 206t

1 .6200 .048594'0 1.*01 13020 . 14 71 e W6 *1 % 0 UJ 11e3J35 1 60674~doa 1 t4.4 I
to . 1UO . 1 t , ta111s7 ?fl d

WADC TR 54-279 244



Tabl, A (Cautimme)

Iz y
1 .6050 .0300241 1 .5964 1 J3 .1373612
1 .6000 0365232 1 S%17470 .1385666

.95350 .0390249 1 .58640a11 .1367676
1.9900 .030S291 1 .5609132 01409642

1 .5850 .0.400360 1 .5757440 01421564
I.5800 .0405454 1 .5705737 .1-133442
I STS0 00410579 1,5694021 *1445270
1.5700 00415722 1,5602293 .1457065
I1Soso 00420835 1,.3550554 01466880

1 .atsten 042609S ! 54003 01460511

1 Soso0 .0431322 1,S447040 01492166
1,5500 00436576 I 53*5267 1503764
1 5450 .0441556 1,.5343482 OISIS349
1 .5400 .0447164 1 929168S $1526873
1,5350 90452499 1.5239676 101536353

1 S300 .0457001 1 , 1 80 6 0 0154VTOO

1,55 .9S 0463251 1 5136232 O1561180
1.9200 .0446669 I.SU54292 OIS72926
15.150 .0474115 1,5032543 .1%63629
1.S100 .04795&0 1,4900682 IS595047
1'.5050 .04.5030 1.43286013 61606301
1.3000 .0490020 1.4676933 01617470
1 ,4050 .0494179 1.4625043 01628596
1.4300 e0bO1766 1.4773144 91639676
1,.4650 o05C7382 1.4721234 61650713
1.4600 05S13026 1.4663316 0166170S
I *4752 0%10700 1,4617366 $1672653

1 .4700 00524404 1 .496V 452 41683597

1.4450 IS530136 1.4513506 01694416

1.4600 .053se63 1,4461351 01705231
I *4550o .6S41630 I - 44C91586 *171600j?

1,4500 .04751':- 1,:435761 Do 1726~729
1.4450 05S3394 1 4.0 ''0G636 61737411
1 .4400 *05SY246 1 4293648 $117dP049

1 .4350 0 9551 90 1 .420145?1 0175e*3
1 .4300 .057I101 1 41 69648 *1 "6! I 3

i a *2 O . 0 5??7 07 4 *4ttolol34, 117a 0
I .4200 *036i080 1.0 5 1 .1* 90161
1.4 150 60509116 1 .39 93 4. V0 Oia00579
1.4100 * 05YbISJ4 t,.1w4ij 41010954

1 .4050 *0601261 1 .380~10,1' 1e2ie.;#

1 .4000 U&L 741 1 1 .3 8 -L,7 4 t Iaz &
1 .3350 odoi3a73 I . n7 01441 j *10%4l1 0

.1 00 . 0 & C "c*.9 r c-9 17:333:12 1 I~0 09

u 38% A t0jb2sv.%q3 I 36k 1204 *1 b1 to3

3 el8fl'J 0,o .0 d 2 I 1 *.Ie% dww I1 1 2"
.3 *7 !0 .Qt23 %4W I J, .i'- 7 7 1 16 2j

1 .700 ,)t.44t%6v 1 .3,j2!045 u1 0 wj to A
3 &"too *064.1 1 .3 *~7:145 4 P. 6

A46 WADC TR 54-2?9



Tamle ZCIntud

1.3~600 *O!I611*40~7 *P122M3
1 .3550 .0664034 1-. 3 3 6 875 *.922177
1.3500 00670490 1.33atCC47 01932027
1 .3450 .0676980 1 .3264535P .19416.44
-I *4ann *o6^2504 I .321241? *I9%1'bq9
1.3350 .0690062 1.3160295 .1961320
1 .3300 *06wb6%4 1 *-ol0Bi'8 01970994
1.3250 .0703281 1.3056038 41980434

1 .3200 .0709942 1 .3003rD03 1EPw v e7

I1,3150 .0716639 1 .2951763 0199,1777
1,.3100 .0?23370 1 ,2699GWI .20O)W285
1 .3050 .0730137 1 2047474 .20 Ia7 I
1.3000 .0736929 1.2795324 .2020174
1.20 .0743777 1.2743171 .2037556
1 .4d w00 .0750651 1 .262101S .20468a5
1 .28O0 0757%62 1 .2638856 WO05S193

1 .2600 .0764508 1 .2586694 .2 1% 6u4 9
1.2750 .0771492 1.2534S29 .2074063
1 .2700 .0770SI2 1 .2402302 . 0S2633

I1.2650 60765S70 1 .2430193 . 2002065
1.2000 60792664 102376022 .2102059

1 .2550 .0799707 1 .2~2%49 .,>I11 1lne
I1.2500 .0006967 1 .227347S .21W01u1c

1.2450 .0614179 1.2221499 .2120087

1.2400 00a1422 1.2169322 .213P015

1.23S0 608267n7~ 1.2117143 .2140.904

1.2200 *0036031 1,.2064944 *215b?52

1.22--0 6084339m 1.2012784 .21645bb

1.2200 60050796 1,19*0003 *J173329
*Plso ,0#45OW36 1.1900422 .2 1 8WQ-A

1 .2100 .06S7WO I .16S6241 .21 PI-DO0
I ,40b0 U&ST7J241 1 14%04000 *JIO"401

1 2000 .00806)4 1,.1151079 .2,?0~014

.,1950 00S64406 ti &IO6Of, .* 1 a%-vo
1,1900 Oa00SO0 lb*47%?1^ 0Rr
.I abc .* 0 .0 r3 .0 1 .I-wI .Y J 92 4;t%;,.

6 L) 0011461 1 .16-43~161 a. o-
I T 7%C% $0441 % 29 1 04909083 . pI.u-

c% vp 2" *7 f':a9 *V soA~e~

a.65 09309 1 *30I*.4 C*
,1^00 000w4a76 I 1 324'. 0 PU! .

I 3b0 .0~0490-14 1 W1Ades" %s - fA

I 150 *0%U8704 11'40O'11P ,.? q'~w 417 1

I des(, . <* ) li' 06 f 2 0 1 I 0 1 % o 40%). IF%

I I '.1 .iO *UU I4 bO A I4 . 1 U.7 3 ti V ." 9, 1#0674
U40iD us% I , J U~, i' . I* *1 0

I * 1d00 1*1401 1 ,' n l l " . *t.

wweret4*?q 4



Table Z (CottUa.d

(g -- 3.S

I .1 50 .015803 1 . 086 .,00? .*2340.70

1 . 1100 . 1024140 1 .08 12860 .2356734

1 .1u0 • * 1032S23 1 .0760"; m7 .2364664

1 . 1000 . 1040952 1 ,0TO6t8 .*23725,62

1 UwbU * 0.49428 1 .06 S64at a *da60 "427

1 .0900 . 10379SO 1 .nL04312 .2368261

1 . of% o .1006S20 I *..521 5s5 .;&3E tc) A3

1 .0400 . 10-75-138 1 .0500063 .2403033

1 07SO .1083803 1.0447945 .2411573

1.0700 •092S17 1.039S833 •241 283

I .06bO . 101279 1 .034372S .24 :#^9A-4
1 .0600 •11 OqJ90 I .*;P91623 .2434614

1.0550 111 8S50 1 .0239526 .2442235

1.0500 .11127861 1.0167435 .2449628

1,0450 *1136621 I1, '11.J 4, *;e4.73".D3

1 .0400 • * 145621 1 .00 83270 .2464930

1,03so 11S4893 1.0031196 .447'440

1 ,0300 • 116d0091 ,p 9! 129I .2479923

1 ,0250 . 1 73170 09927066 .*2468T3 1

1 .0200 • 1162306 ,967t.0 14 ,2494812

1 •0150 . 1191654 .9822907 .2SO2218
1.0100 ,12009•5 ,9770926 atxC)wbu0

1 00-0 .121,0349 •9718893 .2N16957

1 •0000 . 12197 .6 6 G .*2%24291

, 9vsu 1 22SO* nO tQ 14649 .%31 6 01

.9900 , 121679-" .9562638 .2-.' .690

•96s0 .1240304 ,95083S ,.46156

.9800 .1258030 .9480641 .2553401
,97L0 .1267731 9.J4r)6.54

.1014046 0935487G 767 2

.9fro 1273 01 .9302906 •:1;7%O 1 3

,9600 1 2971 7 1 OW250 ,4% d .P .*a

9 55S b0 *1307006 ,v 19S993 -V 4-% * Q :: &6

*9s00 1 117083 . " 147050

9450 *13,2 71 26 f 9 051 IIti ~ t.o3 af.IE

*9400 .4337227 ..q 043191 ., 1,, 1V- to0

.WJ0U , 1 is7It06 , 9 393 1 .

*o bo9 ,1367867 ,40" 4 6 e*I4t% of4

.W200 I 3jT 22 7  , l83t" . 1 a t% :4 A t Q 0

.30 1 5 0 1380628 07 31" '1 .i ohd *,, W 4 12

.9 100 .13990q0 * n 1 I - &. 1 j .-I.0

247 WADC 'R %4-?.Pq



Tabe A lCmtlamud)
(b) M 4.a3. "S

4d z 2 .4061630 .0000000 2.4061630 .0000000
2 .4050O .0000511 2,4050004 .0003470
*24000 .0002414A 2,400U-0- .0018343
* .3950 *000 491,: 2.3949961 .003319S
*2.3900 .00nf7 1 S2 2.3899916 .00 -&&CG
2.3650 .0009367 2.3849460 *00C2tra1
*2.3800 ,0C11632 2.37901PS *07?t'22
*2.270 .0013660 2.3749695 .0092227
2,.3700 .00 It; S4 ; ,Jbtwsg1 .0106896
2 .3650 .0016431 a2.3049470 .0121530
2.3600 n~0a0?IV 2.2599334 .01-46129
2 .3550 .00230165 2.3549163 ,01S0692
2.-a00O .002S327 V.3409016 .0165220
P .3450 .0027640 2.3-4486%34 .0179712
2.340C .00299?9 2,3.396647 .0194169

2.3350 .0032322 2.334047S
2 63300 .09-34675 2.3296 196 .0 2229?5
2,.3250 *0037040 2.3247953 o~di I ide

2 .3200 .003941S 2.319744%7 .02SI63t)
7 .-. 410 K * .0041002 2.314742S .0265626
2,2100 .0044196 2.3097137 .02801 6
2,.3050 .004060,9 232046635 .0294367
2.3000 .00003fl 2.2090517 .0306530
2,.2950 OOOS1462 2.294619S .03226'P3
2.2900 0005390n 2.20*5750 .03J*772
2 . 8R0O .0OS436O 2.204S474 .0350636
2.2800 0056626 P.V799100 .0364063
2.27S0 .0061304 2.2744706 003"6120

2 .27IF00 00063194 2,2694302 40392010
2.2650 .006629S 2,26q3001 *04OA72%
2.2600 .0066606 2.2593446 .0420612
w .2%50 .0071333 J.W342-097 .04 34 45.
2 .2500 ,0fnl7 A 70 2.2402-.33 .0446270
1%45 0076416 .. 0442059 Ol0e6PO45

2 .2400 00o?6979 27 3W I SS1 .047S763
2 .2J5C .,WC a 155 2 . P 4 1 a!4 .046Y4to5

.7 : 0 100 4 1:06 a , 29-- 53 a .U1 : t
W .2250 o*U A^T74'4 2 .. a2 9i *O 61'e 0703
:0 .,,nnmm Aflv % 4 1 :' .,1 09 4 ?? .0!#30374

1 21%0 .0091462? .2 13840. ,3*43933
2 V 100 00" 4 -,16 2,20006'U* .0 5 47 4 e3

7 .20 %C 0 0 7 ,4 1 2 201? 713 ,37nw.* 1
2 .2cc'I) .0090.199, 190,6hI06 o"%444 J64

1Q00 .0 105;#5 2'16 IS %@a11A
I 1"'j0 .411 t()6'1 2 . 764 s4 A 'al 1,160.
1 7 On.' if. IUV 2 t keO tft I o4t

*i*1 .0 Ill .1 4 a 44 1 *f,.8ab
71 O 4 1 ? 7t 1 ?' 148 2041 101 *s.

Id C A ~ .Oct4~q I to ?" ,7 4a

WADC IA164-79 4



T&M. I (Cotimu"e)
(b| td  1. SOO

z y

2 •1300 * El38441 " ,1277176 .0766782

2 1200 .0144155 2 .11755 2 n"794533

2 1100 *0149SI22 2 . 1 0735: - .0820135

2.1000 *0 15744 d,097215 .084388

. . Qn OD 1 6 20 2 . 70324 .0 70a91

2 .0800 o *OG7Sws 1 2 .0768461 .0896045

2 0700 .0173537 2 ,0616367 .09 210 4 1

2 .0600 017iVSSC 2.0564643 094S9O0

2 •050 0•0 185679 2 ,046264SO ,O91o U;e

2.0400 0l9183S 2,OMG060*l .09951S2

2 .OJO0 .0190048 2 .0250511 0 10 1 94

2 .0200 .0204320 2 .0 1St369 .1043797

2 .0100 .0210651 2.00l5 4 1 7 9 .1067691

2 .0000 •0217040 1 .. 9st5 1 941 . 10 9 163 S

1 •9900 .0223490 1 .9849656 . 1 15622

I .9600 .0230000 1 .9* 7. . ., .a.250

1 *97.-0 .0236570 1 .'-d6 4 44b .1 0 -aIi

1 .9600 024.w203 1.9S42.23 116067

1 .9500 .02498?7 1 *Q440n4 . 1 709 241

1 .9400 * n 2 w6S4 I ,.9337 41 ,1732260

1 9300 .0262479 1.9234963 012SS123

1 .9200 .0270359 1 .913238i 0 1 2 7 7 a'1 I

1 .9100 •0277306 1 .029739 01300385

1 .9u00 0284323 1.8927060 .1322781

• 8900 .029'403 1 ,8874326 # I j*4.02?

1 .6800 .0 2ves:.49 1 *1721SS7 .1367106

1 .700 030S763 1 *t61 %746 .136.033

1 600 .03 1 304S 1, 8515900 .14 10603

e oo C320.39S 1,84 130 12 143;W41-5

1 040'0 .032701 4 1 .%310066 .1 539"V

.8300 *033bJO4 1 .^071 2 1 . 1 4 7 5 6 b

1 8,00 .034;663 1 .81041!U . aml bJ t

1 %1 0 00 3.!;04 95 * a00t ', 1 17 It4

C% ~00 03selge .,789A009 1-0.A 0I

1.7900 *C 3 6597 4 1 *?Th4901 1.%a7bt%

S7f%00 *u1 7 j 504 1 a *~ 1 74. ^ .I

7 *77 0 0 j a T 7 4 1 To.; a•f 1o''' 1
, 1

1 0".7 f) 3''SO7 4 C" 1 7"1 t-) ' 73 1 6 1. 79 4

1 7 A -. '6 n 4 " I *J.% I. 
"u t

1 A
4

14tI'.-.73 1"tO00 .
1 ,j 4 1A do 14 0 1 7 ; 7!, A 0 '',

1 CO .0 4 2 7 22' 10 1 7 :teJ

or ,0 00 .:jo*of I J.Da :j4 4 1 I

1 69 0 c.1 4 ?FQ.1.(' 1 .t ?,.iO '• 1* 7"t'.o

0 bP, t .*'b 6 . 1 1.m 4

toDC. 0 do (I do

O n I .4'4 !* ) ,dS* * a ' to . 1 64 #4 1 'a* l*

249 WADC TR 54-274



Table I (Ca.mtinved

1 *400 .04V 1892 1 *6.7 S95 *4~/

.6300) .0'500944 1 *1410 a- Iqo,7 a
1 .6200 .0510084 1 60 37 A . .168b503
1 *6100 *C!:;1 931 1 1 5933844 *19 0 3;e76
I . ei0 ' % *euvez6G 1v I 'S 3z& ~ 0 C. C.

1 .6390 00 :3 603 6 1 .5 72 6!L7 9 3j
1 SAO0 OUS47 5S I. l, bJ;1 a, 10 3

I .700 OwS7 127 1 .3%19242 1907&49S

1.S00 *QT76591 IU41A 4 I *0Of; 552
lb do400 *056bt470 1 ek122 2n :1 3 7
-_ *3 CI .0594443 1 .5104367 .203S,703

1 .5200 .060005 1 1 *300OAA~I . 70 11"t4 I
1 .5100 *0616646 1 *4oeSF'4 .2-072721
1 . f.000 *0 62 6 0 S8 1 . 479 3 116 20Ei .4*
1.46900 .0637333 1 .4bSG)33q a ,1 04 1 1
1 4&%00 .0647810 1 . 4 " S S4 .21 1 S8. 2
1 4?Too 0 3631iP2 1 *446 1 it'a -I- . 9ft
1.4600 .0669061 1.*4377963 .21t.07'I

1 .. 6500 o*co to 7 *l sIb 1 *42 74 1 b9 2 16ft0. e
1,.4400 *0f90781 1 .4 170350 . a1 8 1 1 P1

1 4300 0O7 01 79~ b 1 40"O11e IP t )
1 4200 *0 7 1 2 21 1.396Z774loab
1 .4100 0724161 1 . 31%l.Agn 22 '!49
1 .4000 *C0735%IS I1 r 7!.3O00 W'fv%
1 .3900 .0746vel%2 1 .3651274 .225 AIA
I .3^00 . 07 4S& U 7 j 1.311474$q . ? f a,

1 .700 .0770280o 1 .a4 4 3 #'4 6 .2,^

. 3600) *0782 IC9 1 .3 1'1"S.J6 1 %9# ~
I U-11 C% VI7"AveO 1 .32-J%0 40 *; 107.7

1.1400 *C0pn#4136 1 . JI122W3 - L %
A 3U .*0 fk n3 3 1 .307643IS '' 3(

1.1700 *01'30AO~k 1 0 'V4 0".4 C *Jo..a7 1..
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. V *2 12320408% 4 50793696

.93TO2 .176O74710 4 52019401

.941J0 2 . 20W477" 4.4339740

*94715 2 .13180689 4.54460914

*4!%0 2 1 3 ft7 30 9 SS*24#20

41IS2 1 3 75 24o 26 SG~90%7so

.*S00 2 1 4 t'$ JOT'7 4 .56129397

942! k1 4 9?O4E 4 s%13S366,

9%2D -. *ftII0?
4  4 .6057" 13,

*96.COP0 2 i f% 1' 1 ^1 06 4 .0.103709b

4e,0 V* do.? ep 6 4 d*'461 '

"967!. 1 %t.0 3f%4 rto. 6L '-

fl,0 *E3 4~'~ . 4p 7"o777

V It 41e0e'sd 6 LI *6v176 4 0 A

do 4 7 1 t )r J

7- 1 n 7 ** 4 t

4 1 a j4I1

44 ~~e 7~Z 4 -4 W~'V7 % 0' f V

0 if A?', 00 a& .U *,U Jul.#

* l i ito & 4 t-10 00

0~ to #~JJ~ I 4 of* 48U -t4'

Best Available Copy



Table 3 fCfmtlaui.4)

1 .0100 2.20846519 4,*7731-)S0
1 .0125 2 .21 1277045 4 ,07f~
1 .0 ISO 2 .21 406SAVT.0161

.,017S5; 221689491 4.91462304
1 .0200 2 .2*1970088 4 .9a707200
1 .022S 2 .22S0489 4.93952799

02O2 .2US30603 4,951*9093
. 0275 2 .22810701 4.9644*005

1 0300 2,2309051 497925
1 .03 2 6 2 . 3370123 4 .969 42.

1.0350 22490 5.00191156
I .0375 2.22928756 5 .01440800
1.0400 224207776 S0394 2227
I .0)42S 2.24486590 50922
1 ,0450 2.24765223 5 05194059

.04Thb W,Wd-043650 .04446444
0 oc: 2.2S321879 5,07oV9492

a.052~ 2,591 5 53 1 9 4
S0141% 2.,tS^77742 5.10207343

10752.26155376 s I 462SA I
1 .0600 2.26132012 5,121 10164
1.0625 2.26710050 5.1397?4440

1.0650 2.26967009 5 , Ist2 3 13 &
1.0675 2.27203930 s5.16480939

1.0700 2,27540571 5.17747115
I .0 725 2 .276ITO Ib s .1900asiJ
1 .0 7 s 2.260932S9 S5.2026s3441
1*07 7 * 2.26309305 5 .21525395

0 8 0 j 2,20664151 5 .2270051
0 S0-S 2.2092C?99 5 24047322

10 f% 0 2 .29 19 2 49 5.2S301200
o t O7!1 2.2%V471496 S5.26S71684

1 .0900 2.,29746549 S .2 7 A3 4760
I Q,,~. 30021400 S .2009044S3

o Q 0 .5 .J *3036272g0

. 0975 2,0700 5316275062

1.,1000 S 3847, .32093032
1 .105 ~,i1181b 5J41S906f

1*i,', 39267C) 4 5 f

I *1r"%o4 009 04 7 5
1 175 In 14 176732.
~ ' ,330:J16 16 5*33.

3 I ~'i5 *3 0 s 4~? O 2
A 40 *7 A 13 to8507-

I .400 " 4 2t! 5 1224,43
I~ ~ ~ 1 2 1 V~ ~,41i11 ~ 43 9%. Vas

VAIV2 TP S4 -V79



Table 3 (Ccmtiaued)

(a) -1.OZO04 k4 3.1Z50

1 .13.0 2 .346633-4 . ,50669ZaJ8

1 . 1 37S 2 .3493,-440 5 1 A 28 6

1 .1400 2 ,35203711 5 ,53217263

1 .1425 2 .54"6S77.. 5 .34492183

1 .1450 2,35747241 %.55767610

1 .1475 2 ,36017707 S .570435-0

. ,1T0 , j42l7.54 5.58320067

1 25 2 .36558041 t . 59 ,*7 0e

1 ,l550 2,J6827908 S.606745#0

1B575 2 .37'6q7577 5,.62132610
1.1600 2.37367046 5.63431145

1 .1625 2 37636316 s.6,i101e

1 1650 2.37905387 45.6s5fr9732

1 .1675 2. 3 1742S9 . ,67269 '"

1. 17"o 2 ,384429 - 1 .68550313

S1725 2 ,3871 1404 5 61631344

1 *17O 2, 3697W676 -. 71112665

I1 1775 2,1 3924715A .,72394078

1 .1800 2,39515631 S.736773")

,1825 ( .301783308 5 .7--960348

1 *1850 2,400306 767 S.76243603

I .i7 IS* T 40318067 s .77527733

1 .1900 2 4O o*'i 48 *-% 7084%12134

I .1925 2.40S2030 5,8009700

i,vso 2.41116714 %.41142342

1 .1975 2.41365199 8 .6&5143

1 .2000 2 .4 165 1466 % . 839S440?

.,.a02 5 2 41917574 5 85241126

1,.2050 Zo 4216--464 5, 86528302

1.*2Q75 2.42449155 5.8'vt15928

1 2100 2, . A2714 A4 .0%9104004

1.2125 2 ,42 79944 S .90392532

I .2.15 0 2 ,4.d4S040 5 ,91601495

1 2 ? P i. 310Q93a .9Z970694

1.2200 2 .43714629 S,94GO74b

S222 ),40C3g143 VSy5r'io33

, 7$ ,b is 6 t

* .'*C , 44 e 4f; -,4,J46J

,2 3W0 2 4 51 .1., i 6 64-oZ

m? *JC*0 w S,. 5ARa5 1 9 a, ,094f

I4 be *v 'd 7. * M 7 1 94

1 . At" d.04,4b t~J7i 7 7206)3

a' , ,' 4 ? I 1* 7 F 7 ,I 1 0 Z

I * L~ 'C' 474'~? II it J6 1J I 10

1t 4't71



Table I (Comtimued)

a)-1.0Z00 4 4 3. 1 zO

1.2600 047982996 6.1-6955663
1 .2625 2,48244345 6,,1625;.548
I.. S50 2.465054-47 6.17549620
1 .267S 2 .467664!m2 a6.16647476
1 .2700 2 a;90272 12 6 . 2*1 AS23
1 .2725 2.*4920--70 .3.214439S3

1.*2750 i* 4Vs4&8l4 6.221462762
1.7775 2.49800316 6.24041947
1 .2800 2 .50068292 6 .25341507
1 *28;b 2.50326073 6.26641441
1 .2850 2 50S&7638 6.27941743
1 .2875 4 S0OA?049 6 .29242420
1 .2900 2.51106244 6.30543436
1.292S W.513455243 6.31644G54
1 .2950* 2.*51624049 6 33146620
1 *2iv 7 5 2 .- 18&2659t%.%4 &TS
1 .3000 2 .52141074 6.35751211a
1 .3025 ;.*52399295 6.37054041

.30S0 2 S2657321 s6.36357219

. 3075 2 S2915153 *63966G0746
1 .3100 V %..s I ;J7 91 G040964621
1 .3125 ';. .3430235 6 .4226640
1.3150 2.53667484 6.4357:3i95
I .*31 T 2 *S394454cp 6 .44876290
1 '3200 2',S4201402 6.45103526
1 .322b a .5445007.a 6 47489104

' .3250 :%,"4714S47 6.46795005
1 .327% 2 .54970026 6 .50101231
1 3 0C 2 .52026V 10 ft 51407797
1 .332S 2. -5467'614 6,52714602
1 .331p0 2,55730517 6.54021691
1 .3375 2 .04099460 27 6 .45:129419
1 .3400 2 t~ft-4V)4t 6 .'#66G7?266

.34025 2~ ,5G504470 G .57945421
2 .4) 2567@'9403 6 1 2 o
2 .457 ,7 C-14 1 44 6 6 056 27 V 2

1W0 S?52414V' 6 .6871604

.3 5d 2 .%7 -.,2 30 S0 6 .6.4161213

1 0 3 ~I 01 1 %: 6. 0-,

- - 0."( .156791964 0 .2 6

1 s-o 2 0t .J4) ds ~, 9 1 9 7 . ?* a 4 4 0

1 ~ oVp,3' 10 20 ?jt7.a(.6J20

.10~ 1% e J C b 0. * %P 7 # .1 i 7 9 7 70 .

1 JbUC * *OJt'10362 6 G 7 ." .4 3

-I A P . * bua:.#* 4 JO 6 "? 1%40 1 -0 7

wA~mc iR 54-279 Z~



Table 3 lCost inued)
(a) 1.0200* t.

1 .3650 2.60012307 6*040l

I 3 a7 5 2.61063994 6 .&1 44O0

1.3900 2,01215492 6.62657664
1.3925 2,61%&G60 664710

.3950 2*Glft 1?9WO an8466232

1.2975 P.62066651 6.06800627

.4000 :?.42319592 G .881 1566! '

1.4025 2.625701.4S 6,6%4300G10

1 05 .-os b21'0 5 10 eb.907462%)%.

1.407% 2.63070666 6,920610b6

1 .4100 2,63220674 6 .3177T774

1 .4125 2,63%70474 6 ,946SO3I4

1.4150 2,63620066 6.96010378

1 .4175 2 m4nPLOPS10 6 .97327061

1 .4200 2.64316747 6 .90004000

1 ,022S 2.*64567797 6 *9W9611192

1,.4250 2,0481G659 7 .01276029

1 ..#3Y5 v 'esob 5-414 7 .02596313

4 *4)on 2*GS313&23 7.0 39 14247

1.4325 2,65542124 7.0S732417

1.4350 2,49810jot0 7,0655062?1

1.43-75 2.6005606 7.07809493

. 44dt0 0 2 6 6 20 b91 2 7 OVIGGSO

1.4425 2 6 6 sW5~b4 6 7 * 105075168

1.4450 2,*6800640 7 * 1 1dex62

1.447S 2,.61046024 7 .1314602

1.4500 -- ,672100d? 7 . 14466:409

. a 945% 2.079141842 7 1.e:76372

.4w-5O ;P.6778647?1 7 . 71U6652

1 4S7S 2 .6807491T 7 16427167

1.44,00 W .6&ps 11 77 7 .1974-1094

. 4625 V GmF 2 77SJ 7 .,1 twuubacmG

1.*46-,0 2.0673144 7 .22J90029

. 4671b 2-,690108% :. 1 27 1 1 4a7

1.4700 -*.*6'.;#A 43 7 7 atMO33036

.*472% 2 Aq9so971 ~ 7 0a .* . pt

1 * 7 to 0 a b *. / ' Si 4 7 . .0 ) . 14 7 bt9

.47711.- .6V11 -1gjq~' .20 04C40 4 1

1,4^50 ylu 7 jtts.# p '.-

.4 .'7 to .70477903
o O'sd 0 '! I J.10 Ito' 1) I * t Ij '

1 v * i23 2,47 A~.9 ? , , .4 a -14)

I .4v t. *'f1 7 *.4-.~

i -~ 'It 96~ fae 01,41

I . 0 s. I , -.05 9L9I D*e** * 4 D*

WAMX TP% q4-2711



Table 3 (Camttnsed
(a. 1.0IO00 4 3. 125so

1.5100 2 .73167681 74261
1.5125 2 .734103,75 74 -f5 3,1so4 4

1 .5150 2.73632 t49 - *4a57176
1.5175 2.73094612 7.50182S05
I .S200 2 1 36 5 7ld *?S 1506 IT*

1 .2252,74'J701e 7.*52833S55
1.5250 2.74619721 7,54159912
1.5275 2.74A61066 755S466056
1 .5300 2 ,75 12229 7 .56a12364
1.*5325 2.7S343214 7 ,581384%"s
1 .5350 w .75S64020 7 .594655;w1
1 .5375 2.7Y02*646 7 .60792S53
1 . !-*00 2 .76065095 7 ,62119367
1.5425 2.7630 364 7,63446542
I *5asqj 2.76545456 7 .64773692
1,475 2 .7670S369 7.kftinq b%
1.5500 7.7702510S 1.67429008
155S25 2 77764663 7 eas693jD
1 .IS0 2.77S04043 7.70084953
1 .5 t * b 2 77743246 P .71413107
1 b5600 w .#two2272 7 .7 27 4 1435
1 5G25 2,.78221 121 7 .74069922

I .!6so 2 .78459793 7 . 7 :.i 3 96SO 3

567S 2 .78608286 7 .7 672 7 35 7
I.S700 2.78936608 7.78056313
1 .5725 2 .79174751 7 .79305416
1 .%750 2 079412718 7007 a-?14 6 70
1 .775 2.796S0510 ? .62044077

1 k 02 7988612S ?.83373625
I ~ 2.0012SS67 7.84703333

1ba65 2 .00362832 ~. 6033176
1 a5v75 2 .80'599923 . 617363 146;

I .5925 2 .81073%, 0 7 .90023b74
1 .5950 z .813101 1 7 at I1'I%396P
1 5975 2 .81-~,46539 7 924j645.16
1 .6000 2 .617627S4% 7 *94(%1%227
1 . 6 0 2 .2! nl20186CJ 7 ,953460si
1 0, , i * S46-?t., 7 .966S 7 PC%, 16

^ 0145 2 e*'d40403 ?4 7 *VA .0 1 14

1.0II . dd8 i7

* . f.~) w .83196430 .04002180

'J.104 2 to 3 6 tb 7 W a %%

2! b4J' * .300 d4 $ C1 7 0% 3

: .a 0 a%.0 4 169 7 4 1t b 1 0.1 0 7

j vt -a..~ 4i s1P .* 1O ~ , a 1 itI

WADC T~R 54-Z?9 249



Tabe 3 fCcmftued)

1.6350 2,85071671 8.126585)76
1 .6375 2 .85 -N053 OJ & 0.13 9 9117 1

1 .6400 2.85530748 8.*15323880
6 c A2 A 1L d3 ~7 -VV J%1 0 1146i So706

1 .6450 2,66005103 a0,17909647

1.6475 2.86238135 8.93220@99
1 *6500 2,86470918 8.206SUOSO

I .6525 2 .86702530 a,1094

1 .6.5s0 2 .6935973 ^ .23322S~aG
I *6575 2.87160247 8.24406021
1.6600 2,87400351 0.25W90106

1.66825 2.67632287 0 ,273acJ329
1 .6 6 n0 2.6804054 0,.20657134

1 6752.0095053 6.29991053
e .6 3d 106 & 3132507-4

1.6725 2.68550346 6.326991SV0

1 .0750 2 ,B0P&9440 a0,33993407

1 *677 2,dPCI20366 baS327720

1 . 600 2 .0925 1126, -3 36662139

I~tI52.89481710 6.37399&651
I1*685b 2.69712143 8.39331250

168715 2.80942400 8.40665953

1.6900 2.90172492 0,42000'Sl

1 .692%. 2 90402417 44 .4333S636

1.6950 2.'10632176 0.44670017

1 6 97r5 2 .908617&P e,4G00!4

1 .7000 2 .9109119S, 80.4 r3460
1 .702S 2 .9132045b 0.484%76075

1,7050s 2 91S4951 0 .50011407

17075 2,.91770402 a0.51344024
I *.100 d? 9 20072 4? 7 0 52662323

12 5? 2 .4273504? 0 .540 17903

I *71% 2,.97464201 a 0.55.55356
I *17~2.92692555 8.'566O,310

*.720C0 2.92923663 0*5802ZI48

. 72 2!r 7 U.3148606 A S,%P610S2

. 721%~0 W .93310306 0 64042703*

. *7?7 2.93604001 0 o2o3309'

. 7~300C *.* 3 tJ1 4 1 ; .*G - .02 A

'? 3 a Is 2 *V4Ub*?4J .4 U 44. 4 4 J

7 *7!.,0 2 .94 2 a 50 a 8VG60*o 1727

v 3 7, .04 5 1763 1 C,7.3)0084O

1 7400 .,94 7 J 9 6 3 4 807 '174%19

.7 4 7tt 9 49* 627P 1 .~7 00 5 1* It

.7 *7 9'0 1Iv 2 ,)tr7 4 a, I Ijo?SOS
7 l7 .# 95a 2% q~i (o.: ON *Pat?24JAf

1 . Ui '1'045 w 1 .0 8 14~)0o to
~2 I)NAT IWO'6 1 ? Y. * 4 1* 1 1 1

I~~~ C)%L 144*kwd A*4?d~9

WAZ)C IR 4 -b"19



1* 3 (Centis ed)

(a) - 1.0Z04 ( 3.1)3o

1 ."7600 2 ,963,482 1 2 8 . 7I4O8420
1 .7625 2 .96773559 8 .80745453

1 .7650 2 .9699845 8 620821545
1 6 71:3, 2 .97 2 3771' .63419700

1 .7700 2 ,97446637 8. 47569 17
1 . 77 2.5 2 .97673341 8a 8609,4191

1 7750 2,97897889 a 87431523
1 . 77 S 2 .*96122275 8 . as 7t,-1-o9
1 .7600 2.,08346503 6 .90106359
1 .7825 2.98570571 5.91443859

1 .7850 2* aI4480 8,92781413

1.7875 2 .9901823U a . 941 1 9 1)1 9
1,7900 2 .99241822 8.9456r.).
.7925 2 .99465 2 5 5 a s6794390
. 7950 2 .99686531 8, 9u1321S6

1 7975 2 .9991 1648 0 .9t469966
I .* 00 "1,0013460. 9..,,8078129

1 .02S 3 .003S7410 9 .02145737

1 ,8050 "4 ,O0 8O0 !.,5 l .*, t .Jb b9

1 .807.5 3.00^0'243 9.04821699
1 .8100 3 0 10?46 7 061 5 9 4a
1 .1 . 3 .01247048 9 .07497039

1 .8150 3 .01459065 p .0835972

1 .0175 3.01f690927 9.10174154

1 .0200 3 ,019 1 263 9. 1151237-4

1.8225 3,02114181 9.12850633

1 8150 3,023 S578 9.14188955
I 68;, 7 "5  3 . V 5766 19 9 ,15527314
1 fC JUU 3 Uj'f! /v 04 S. 1686t2707

I 7 -. )'., J .03018833 to .152041 32

a *:p'O a V4,tj 396Q6 9 . , '*ea
1 * 1i 3 ,03460224 9 .0881076

1.8400 3.*036087 9.*22219597

1 42 . a 0 1Q009 1aO 9 .23t5a6 14

1 ,ld 7b J ,04.341147 9.262353j5,r

1 8a 00 J ,04 .,b410-2 9 ,2 P7 7,' J70-

1 *550 .1 .05000225 9 , is'.'b137,4

f% U 7V , * 0 'v' 1 o 2s * 1 9 ,3 0O O 5
1 itUO J ,0'S4 3tOn46 3 ,3.923886
1 6' ." 3 0 31 , 7 SvO ,0 3 4 26 7 7 660

",',,,, I , 0(, ':,. 0 ., r ,4 ). ; . 182 r

1 4 . ' .) I . 0 G 1 0. %1 8 9 , 4 , 4 dl 1 9 .

Is-7 . . U'4U 7 Q 4 w 30 1 06 3

01 *It I IL v? l 7W4 to 9 *4.164%)041
1 D, ' .'*-, .! 0 7 4 1'1 &, 1 4 4 44 7 ld U J')

WADC I'It 54.279 270



Table 3 (Co&Unue4
(a) - 1.02o 4 3.1 so

1 .8850 3 .0 7G22 1%30 J .463 160 5-t

1 .87S 3.07640395 9.47657008

1 .e oo 3 *u0 5e70 1 .. 996 149

1 . 0 9 2 5 3 * o 2 a '5 0 o 7 6 a w o3*m I =

i .*0u O ,.516"431

1 .6975 3 ,06709156 9 .33013430

1 .9000 3 .06929?1 9 WA43525S6

1.9025 3 .091426:A-- 9 . b569 '7

1 .9050 3 09359153 9 ,S?03COSS

..9075 3 ,09S75520 9 .50370024

S,9100 3 ,09791737 9 .9970-203

1.9125 3 ,10007807 9 ,61040404

1 .9150 3 *1022372e 9 .f23 674 4

1 .91 7S 3 .104 .%Q p, .6372C632

1.9200 3.106 1SS 24 9 .650645061

1 922S 3 .10670601 9 66405306

1 .9.,50 3 ,1 00 b "r677402

1 927S 3,11301110 9.69063011

I .,Q*% J .11514 1 4 3  9 . 704230"?3

1.9325 3,11731029 9.71762344

1 .93s0 3.1194S766 W . 7 3 10 1622

S937 ,121602361 9 .74440910

.9400 3,1237400 9, 7 570194o

1 .94w5 3.12589106 9.71Th)492

1.450 3 . 12803258 9e4se762

1 .9A75 3 .13017266 . , ?980O6

1 ,9500 3, 13231127 27113730
1 ,_ 23O 3 . 1J4404 9.02476690

1 ,'T5 3 ,136 412 9 a 15 94

1553, 1387 1636 851 S15 294
1 ,Shoo "1 14080.61 17 9. 86494607

1 .78 3 1.r
a.9S25 3 142S 1251 .83P)

S9650 3 ,145 1241 9 .89173207

1.975 3 ,14724087 9,05 12509

1 .9700 3 14936789 9 .91831011

I 970 .9319109

I w o50 3 1,5

1 *9 IJ J' ,t.65. 9 9~8~

1 0 . 3 * I ")v wO 1 .q .'E S*. *96 '6*00
, 9 e  3, 6 . 1472 o 0 ;,;?t,4,

1 QqQQ 3, '6 3322"S 10 *Oip506 &j ow

.17 co53 iC .03"0 9234

*9O5(.5 ")17". ' 5. O t 0. ! 6O3,
17267030 1Q~~*

2 3 1?46 '

2 .0021% 3 * 787 vO0~60290
o *0 t!0 3 * I7099556 Iu* 00 29

WADC. I'R 4.7'.



Table 3 (Coatiauod)
(a) - 1.0200 44 i 3.1250

2.0100 3.1832n'%.35 10.13279630
* .012S 3 .1853081"2 10 .14618782
2 .0150 3 .18740947 I l.1597913
2 .0 175 3.18g950943 101, 170l7040
2 .0200 3 ,19 16 O, W 1 1 > , 166.36143

2 .0225 3 .19370512 10 . 19975239

2 .0250 3 ,19580086 10,J1314314

2 .0--,-% 3 .19789520 10 .22653371

2.0300 3,19998814 10.239924,O
d.0325 3 .20207960 10.25331424

2 .0350 3 .2C 4 16964 10 ,26670436
2 .0375 3 .20623660 10, 28009421
2 .0400 3 .20834n¢*7 10 .29348306
2.0425 3.21043195 10.30687331

2 .0450 3 .21251655 10 .32026258
2 .0475 3 .21459976 10 .33365 62
2 .0500 3 .216681- 10 .3,704039

2 .0525 3 ,210762C3 10 . 36042901

2.0sso 3,22084109 10,37381733

2 .0575 3 .22291676 10.38720546
2 .0600 3 .22490510 10.400O340
2 .0625 3 .22707003 10.41390096

2.0650 3 .22914360 10 .42736639

2 .067S 3 .23121560 10 ,44075555

2 .0700 3 ,23320662 10 .454 1dwJ7

2 .0725 3 .23535609 10 .46752903
2 .0750 3 .23742410 10 .48091532
2 .077S 3 ,2394"091 10, 49430136

2.0600 3, 241556629 10 .50768718

2 .,o023 3 .2436o2030 10 .52107265
2 .084%0 3 .*2415603 95 10 . J44 . I 1

fl7' * n ?. -. 24774426 l0."470477

2 .0100 3 .24980420 10 .56122734

* .0925 3 .25166279 10 .57461160
2 .09.0 -A . 25 ?003 13 .5799:56
2 .475 3 .25 tj ?b9J 10 .60117926

2.1000 3,2560304) 10.4t1476261

2 1025 3. 2600636 .0 .6 7 14 b .O

a 10 J 3 ,, I 3 :.. 4. 1U ,b4A I T; e

2 1 1' t 3i .;2#8jo# ) lb 10 . t01 06 3

2. 125 3 ti''6zr A Jsz

2 .117. 0 J 574 T'.' 10 .P' a84.,6..i
2 . . i ., 1='- 4 7., l .to n 8 4 1 s -

2 1 2 C0 3 df..''.~b 7 .I M *%4')7 81 12 W DC T F42 -, 1 I I V"
W• % ""I.) J 0,8.% U dk I U 7 )J*:" .

WArJC TR 54.279 12



Table 3 (Cuatnad)

jai - l.OZ@O( S 3.12SO

* .1350 3 28605374 10 00203281
*2:1375 3 2660630 10:01547073

2.1400 3.29072154 10.02884825

2 .1425 3 .2927534C 10.042:'535

2.1450 3.29474404 10.85560213

2 .1475 3.2366 13J6 10.06697846

2 .1500 3.2900441 36 10,6023S432

2 .1525 3,200064804 IO,0V5729G2

2.1550 3.302094D41 10.90910468

2.1575 3.30491746 10.92207955

2 .1600 3 .30694023 10.93565366

2,.1625 3 .30096149 10.94922747

2.1650 3.31090105 10.96260061

2.1675 3.31300071 10.97597370

2 .1700 3,.31501027 10,96934613
2 .1725 3 31703453 11:.00271607

2.1775 3.32106317 II*0W946O58

7 .- %48C%0 -3 J2307557 i1 .04203124

2.1025 3.32500466 11,0SS20130

2.*1050 3'.32709640 11 *0694570cap

2 1675 3 ,3;d910500 1 1.08294010

2 . 0CJ 3 331 11224 11 .09630876

2.192S 3 .33311021 1 1 .109b7700

2 .1950 3 .32512280 11 . 2304469

2,1975 3.33-712629 11.13641186

2.2000 3.*33912842 11.14W77861

2.2~02S 3,34112927 11* j 8 3144se

2.20S0 3034312004 11 *17C410'OA

2 .2075 3 .34 at1271 S 1 1 :1896756!;

2 .2100 3 .34712418 1 1.20224028

c.2125 1,3491199S 11.2166.0444

.2,150 3.35 1 1 1.4 4 1 1 .22%;0686

2 2175 3 .35310769 1 1 W43:131 1

2 .2200 3 J55994to 1 1 ~ f; s~. 9 il .

2 .2225 3 '35709037 1 12 0 1o-7.

*2.2250 3 .3S90790~2 1 1 ; ~~4 " Fv4

*2.2275 3 .3610,602 11 It%4

2 .2225 2.1050-4063 1 3.1490~40

2 .2350 j.d 347('. 08 1 0* 75

J 3 9 3 36caU0624 -I! , 'C) 2 1f.'aw

2 .2000 3 .37000017 t J1 *3b * -A

d .2425 3 .3729700- 11 3 6!J Jv

-2. * ,740S020 IL v1 ~0: L% 9

.d2471' ;A *j7 6162 4 6 1 1 An

.2 200 337t%$60"44 1 Ii *.7 0 '. I

2 * 25 . *J60e0 I I :9%.

d.2950 .3 :14%lwO b'by I .41:171 its

2 *2?eto I' )hil4,t2m80I .1aS'.. ? V ftE','0

271 WADC TR 54-0~9



Table S fCcotinued)

2 .2600 3 .38680070 Is t * 47149sj2

2 .2625 3 .3SS771 -4 1 1 .46.3-?-?255

2 .2650 3 .39074104 11 .49712494
2 2675 3 .302 7 pip4 115!1047661
2.2700 3.39467640 11l .2362186
2 .2725 339664223 11*37 17644S

2 .2750 3.39060683 11.*55092036
2.277b 3 ,40057021 I1 .56367775
2 .2600 3.40253236 11.5~7722446
2.2625 3,4044i)329 11 * :390:67456

2 .2050 3 4.0645300 1 1 .60392204

2 .2870 3 .40841149 1 1,17 2609

2 .2300 3 41036677 1 1 G 300SISIS5

2 .2325 3,.41232483 1 1 864396075

2 .2350 3,.41427967 1 1 65730S66
2 297b 3,41623331 11.67065003

2.300341 1.7368309360
2.3025 3 .42013695 116317

2.3050 3.4220669S 11.71067909
2 .3075' 3 .42403575 .1 .7~24020n&7

2 .3100 3.42598234 11,73736185

.312S 3,.42792974 I 175070230
2.310 34290493 11.76404204

2.3175 3 1119 11 .?W7J191
2.3200 3 .43376172 11sc ,70730
2 .2225 3 .43570332 1 8453

2.3250 3 '43764372 11 .81739435

2 3 27 5 3.439b8292 I i aj073066
2 3:100 3 .44152095 I I.3440664S

2 .3325 3 * 44:*A577f 11 .E0740146

2 .3350 3 .44539342 11. *7 0 7 302

2 .3375 3,.4473270* 1 1 b t 4) 69 4

2 .3400 3.449261 13 a1 O7 40 -e3

2 .3425 3 .45oi 1'327 1 * 0 17 346.4

2 24 5 Cl 2 124 1 1 1 W~2406619

2 .347S 3.455SlA4 11.93739704

2 , O0 3 .4599OW0 1 9- I* 0727 IP

. 35~2S 3 .4511904? qt1 * 0 5:A'

2 i I j j 40 bd I t Ui In p I '.at I J of0

0 , 00 3 4 6 46 8, 'V 12 0 C 0C Ot

2 .3625 3 46 6'j 7 4'b, I
S.345th 3 ,46as209S 2.C JO64J300

.36715 1 .47o44929 4 0 dl0~'

~.-1700 2,O~ 4 ~ A 4 4'7 0a

7 IF 7 3 .4 78 1 11 h1 * d'.I ,

. 401 U-0S4 I. 1 1Ott

3 6 3 2 ~ .4S d4 S' 8~ f* 4,6 8'~ Vtq

wADc -rp %..j774



Table 3 (Cmtinued)
(a)- .a , .1S

2 .3e50 3 ,4030901 12,*13-77300

2.3675 3.4057.OO 12,1%050291

2 .300 3 .*4. 7 *9 4 * 12.6321136

2 202S 3 44095667 12,. '77P2909

2.3950 3i491492, 12.190%4606

2.3975 3,49340200 12.20366235

2.4000 3,49S30796 12.2171?7?4

2.4025 3,49721210 12.23049247

2.40SO 3,499115flg 12.243rca4l1

2.407b 3.50101093 12.2S7119S4

24 100 3.S0291764 12.27043199
2 .4 125 3 ,5046 1720 12 .264374"l 1

2 A150 S 3 *OS067 152 12 .29705O4d44

2.4175 3.S08612WO 12,31036448

2.4200 3,5105005 12.323C7379

2 .4225 3.S1240406 12,33 vcdl&*w-'

* .42SO 3 ,51429794 12 .3 €)001

2 .4 75 3 S1619049 12 . .'@,- 4-W.'14 1

2 4300 3 .S IG0&2r' 12 .371S9030"

* .432S 3,51997279 12.3902044

2 .4350 3 ,S21621S 12.40351.300

2 437S 3 S237SO38 12 .4 16-1b o14

2.4400 3.52563749 12 .43011,471

2 .442S 3 ,S2752347 12,44342103

* .44S0 3 ,52940SJ3 12 .AI.672.3 1l6

* .447S 3 ,S3129208 I .47o0237

.4.00 3 ,S3317470 12 .4"3373d6

2 .452S 3 ,S350S6 I 12 .49662241

2 .4 S J S3f 9359 12 .5099204.1

2 .4% 3 . e SjaaIS 7 12 . S.0 3- 1 7 ?b

2 .46 3.9,406940- 12..3t5i1420

2 .462S A ,44Jt7lO9 1 ; .*.4g-.Oqt

2 .465S0 3 S4444702 1;. S63 1, 468

2 .**e 7S 3 S4*32 186 1 2 . S-1634013

2 .4700 3 .540195 0 
.

2 .4725 3 .13,5000820 ; .602964 - 2

2.47SO 3 SS193971 12 .61627%70

2 .4 77b 3 SsJa 10 13 12 .629tli644

2 .400 3 ,12 6.10 O21

2.4629 3.5734164 12.G'r,! 14S21

2,d4 0SO 3, 9 94'411.% 1 :d , -0 3 .jo

,4 a"IF 5 ,5 6126077 2 0 q0 '
o

a,4900 3 . 203 1dl0.* 6 , o e* O a714

2 .492%. j S65004aO 109 1%P. f

2 .4900 3,566S7224 ?z" S

24 .4979 .96 7 4 12 .*7 34PO 1

.6O 00 2 " ,%?06 0, 1,2 7 4 W4 A44

.,9026 7 %1 24Sisk% 'I I,0t,

*590 3 %14.1132 2b6711'
S,?t#1G9%4 12 .?O&QA6'b8

WAWDI C A



Table 3 (G =e4t~me

(a)-lo o .zs

2 .5100 3 57602574 12 .60.2620

2 .5125 3 .5796000 6 12 . 0 5"-,46S7

2 .5 10 3 .Ss973469 12 .*67, 2442

2 S17S 3 ,S83S8785 12 204 4.-%0 S1 6

. 5200 3 'S a N 3q'9 -F p.a!-.!A - 79c
2 S522S 3 o5G7290S2 12 . 86451EW.-2'7

2 .5250 3 ,S891402. 12 .0 8 1927-73

2 .9275 3 ,5909689 128 .8W520 121

2.5300 3,592831447 12.90ob0'')90

2.S32S 3.1 oS9&8;vT 12 . 9 2 1 74S6
2. 53SO 3,59652841 12.93501660

2.S37S 3.5s837,'77 12 .9a8 ?659

2 .S400 3 ,6U0 7;'1 606 12 .96 155368

2 542S 3.6020S629 12.97482392

-- .- 1 =0 co 3 .*038994S 12 .9000912S

2.5475 3,60b73d55 13.00135770

2.5Sv.* 3.60757S9 13.01462328

2 .S25 3 .609416S6 13 0278#790

2 .SSO 3. 6 : 12S34 , 13 .0 4 11 S 1 70

2 .S573 3 ,6130893-1 , 1 0s.441458

2.5400 3.61492414 li.06767654
2 as625 3 . 6 1A7S 7A6 0% 1 -% . 0^093 7 6
2 ,S650 3.618S9057 13.09419771

2 .S675 3 .62042221 13 . to 74"56vck

2 .5700 3 .6222T279 13.1207 717

- .5725 3 .6240 23J 1.. 1.J3 7273

2575 3.62S9 108;f 13 I472227

2 S57% 3 .6 2 7 7 325 13 16048481

2.5000 3.b29S6465 13.17373s5

. .01s 3 .63139000 13 . I o 10 . JJ

*.Soso 3 .63321430 13 . 200 ;t 4 61 b

2.5675 2 *63503757 13.73WI

2 590%) 3 .63685979 1ZDt4eh7 4 9J

2 .5925 3 .634%660'4 ) 13 1 a 4to V.'0

2 59,50 3.,6 t-050 11 1 1.1 .2b-3;41% 0:3

* .. SI75 3 ,642320; 1.I, . 4 caEf'"oI

2 .6000 3 .644 11E'2Q 13 . 37 9 43 40

2 .602 5 3 .645 PS5 33 13 . ;,*Q' -), &

;4_ .*6-', 3 64777 1 J- "' 3 3 n 1 -. J".oli

* bu 1- 3 .*604P 63"0 13 ," (44 rn1A

2 6100 3.6514O'J24 1 -." . "F ; 4 - 1

2 6 1J' J .6432 31 11 4 "4,, , t 4

2 6 ISO 3 . 65%U7325, , L

2 .6175 : .6 a 3'C 'J:"c4.
S6200 1 0 a 'a .4, A I 0

2 *6120 1 b 6n4545T, 1-1 'I

2 A*2 0 ^'SO 3 .662 .1. •I . 4p "' . 7
, ' 04, 1 ! 8(f.404%9 10 1' ".4 ." " '%0,' . P

.. .:0lU . 6 *, ", 484 I 1 4jA , 4 -,

3 1 3 . 66-74SIs



Table 3 (Corntiunued)

a) -l.OZO( 4 3.XZSO

2 .63S0 3 .66948ji Z 4.poIC6
2 6375 3 .67128t94 j4

2 .6400 2.67308766 13 49 1570-.9f
26.4425 '4. G74A883 a I S ~0 4 CIO4 p -
2.6450 3.67668790 13.513034s0

2 .6475 3 06 7 ^4 0 66 3  .353 1 2ta3ts
2 .6500 3 .66020426 .s5a4441223
" .65~5 3 .06206089 13,5:j1719613
"2.%S5S 3 .683876t$0 13 b7uw4607
" .6S7S 3 .68S67 I ; 13 .50417160
2.6600 3.60746473 1j.*5W7:9LGI7
* .0625 3 .4892S7.s3 13 .OIOE,196
* .4650 3 069 104a 9 4 1 -4. a 6 3 64 ' 0
2 .6675 3 .63WO3953 13 .6.i706b37&1
2.6700 3 .69462916 13 .!. 65 :va44A8
2 .6725 3.69641774 36J0i
2 .6730 3 .69820%35 1 3.67677:.?6,
2 .*67 7b 3 .6999!- i9. 1 3 eeqc*nmo
2 .6600 3 .7017775tk or'" p~f r-;77

2,.6625 3 .703562-.0 1 #:79
2 GG050 3 .70534563 13* .72?94772'
2 .6875 j .70712640 11 :3 74,;eft01 b -
2 .4900 3 .7080110 13 1.7S601~43J5

2 .492S 3 ;71069079 13 .769Z'2614
2 . 09? ^ 3.1234 041 1 4 7 t%, A ) f. ea

2 .6375 .7 142491 1 13 795'4690
2 .7000 3 .7 1e02687 13 Go885. 70
2 .7025 2 .71760360 1 J 82;00ub b
2 *7 %'o-0 3.71 9 57 9 j 1' i 8-41!-7047
2 7 07 b 3 .721334 10 13 4847634
2 .7100 3 7231276L I a as IOs Id 1
*2.7125 3 .. 2490069 a aIAa8!p14%
2.71bo 3.72667251 13.^LM0Oen

2.Is1 7 S r..7204433~6 1 "v! -
2 .71,00 3 .7302 132-4 13 .914490^:.,
2 .7225 3 .731982 14 '3., ewfe
do .7250 3 ,73-:.75oo 1 3 g4 to !c.
2 4 d7 . 7dJ .C I l *9,.174
2 .300 3 .737djoi.'%7 I-
*2.7325 3 7 %#0 f re0 4 1J.viad~
*.1 7J J * j 7 4 aA *-;1 1 13 . W~.7

7 *7? .74Y575190 .4f* o -
2 7400 . 7 44 -03 7.4~ * .O.'..av'l . 'aa.

2 .7 42 b 3.74t&U9Rk4 14 .0-1.J.'i' I?'.
? *74SO -P r *4 785a a.o .4 *UA#.444!14

W ? 4 7 b, J . 4 96 4 as .. At

. 75~0 3 7 ts 1 4 f'% &A . a* r r.. .

27? WADC Tit 54.Z79



TableA (~C nttaiie)

2 ~ ~ ~ a -1 1.02004 14 3.12503 47

:?*e~ 3 *763GS731 14* If;' C; JI

23.7725 3 076715764 14 1 W-;47668
2 .7750 3.74090630 14 *20465530
2 7775 3,.77065417 14 .;I763207
2 .7000 3 .77240102 " 423100O046
2.7625 3.7-04 14692 14.244 10497
21.050 3 .7750110e 1a21 7 3 9 4 9
2 .7'POT 3.77763589 14 .27053292
2079O0) 3,77937097 14.28.370540
2.792S 3.70112110 14,29bt87677
2."P9S0 3.78286229 14.31004711
2 7975 3,7844025b 14.32321646

2.0000 3,74634107 14.3Jbt36476
J.*4C27 3.,780026 14.*34955206
23.0050 3 7690 1771 1 4.36271826

2.6075 3.79155422 140375&b0J40
2 .8100 3,.79328981 14 .38904750
20.125 -4 7950244C. 14 .40~206tp

a .4150 3,.19S75010 14 .41537268

3 .061 v5 3 .19043099 14 .4 2 u323 t
* .0200 3 ,0002220S 14 .44169371
2 .6225 3 .a001 95 3060 14 *4c4aS27V

2 .8250 3.80360301 14*4t6801O5j
2 S.753,00t:41291 14 *4611#.742

3~~~~~~ .0.o *67110*49432320

3 .0d~ 008t%6633 14 *5074'7796
2 .63SC 3 .610S94406A d G.%-0-G3lj.6

a .831. 3 ,8123200C, 14 -17 4:,.
2 .6010 3 '014044%.6 '14 ev So 0.2 V1

2 .042S 3 .61 S7601 3 14 e*5C0Oat"''"

2 & 475 0 3 . 0192*'? 4 07 1.* s* .e , t

J * 6525 .8 1 0 2 6 4 0 b' j aa * 4 iu
2 1 4 vs %4kid a lS1S i t, 41
2 * 7b 3 Z5A~ ~ 04 9 3 1

2a .05 7Il 3 f% 2#%c%.2dS Jew .b1'.'. A

. 86130 3 . a 10 ' S.4 *t.7.iJ*J

.8*62r? 3 62 2 ' 1 4 ;l~ !-7 J, b6~ C ? .

a1 6 C 0J 3 ft It 1 4 1 7 * 1 7*J

2 G5 7' * - :) A 3 9 5 14 !O~ ?6

2 *8 2~ 11 do ? 1 ' s * .. s i.

2 . .?.3 * 4 121 144 *I'? '**

WADC TR S4.279 276



Tamle 3 (Continue*

2 .4450 3 .6,4 A329 e,0 147 ?e3 4 J& .s
3 .467s 3 .6 463b 14 6, As ab 1
2 ,0900 31164434321 a
7 * Aft o 5 3 *08"f.AIs $to 0%;P14"7A
2.Ogso 3.85175324 1 4.63bC)o):o2
2 .697S, -3.65345692 IA.9 13;.
2.9000 305515g969 14.86225624

2 .9050 3.419656259 14 le*7ov 4
2.9075 3.06026271 I.oG-I
2 .9100 3 .84196193 14 . 14 7 . 9 s
2 .912S 3 .06366027 14 * RP707068
2.9150 3,06535772 14.94099030
2,.917S 3 .S6?0%4140 14 . 1~r4 lo.na#4
2 .9200 :9 .06674197 14 "* 2; j
2 .922S 3 .6704447^A 4fe - ,s
2 .9250 3 .07213870 14 *a!A a4 c- ekI
2.9275 3.873a3174 15.00ft57aiJ5
2.9300 2.0755S2391 1.198,5
2 .932S 3 .%7721519 IS 0.10P7 1EDi
2 .9350 3 .678190560 1 0.: * o:
2 .9 37-5 3 .00059513 is0!90S5
2.9400 3,0622.s,79 50T7i
a2.9425 3 .0030715 1 is 0 a5 Pj s1 6
2 .9450 3 .&SG! 84 .0 114 ocanA4 ida
2 .947-P5 3 .66734452? IS I1 1 4 74;e
-2.9500 1.08902969 IS.124545193
a2q525 3 .09071399 1 pS53t
2 054%4' 3 .&9 2 19 7 4 ;-' I I sor Fo
2 9575 3 .69-07996 s"50
2 .9400 3 .69576168 1 a, a(
2 VG25 3 .09744251 1.t2 O0 0 50 1
2 .3650 3 .01912247 5w0.41; to4
2 .90.75 3 .90(00158 a 14 "t g. S
7.9700 3,90247902 15 .2ZV3i0q6.a

2 .9750 a *9050:1J 7: 1 * ... r..8
'.97--, 3.907509 7 k

2.VWO 3 .90910410% JI L
2 *9A 2 4% t-% ,a8 ir .2J
2.9150 3.91253I1'1
2 .907% 3 .01420344 L)V
2 .3900 3 .9 1, 4%7 A a.; *:.407
2 .9320 39.41754534 1, 34 7 1~ OP I
2 .9990 j q 1921502 14 lt% 1.'Af *A4~
1 . "to 7 1 *920A0384 I' . j.:f 4 ov%
2 riot 2 .3 * 2 2 vt, 17 9 It. * 4..d a ,1%1,

I 0'.01bo 3 '10 %4%A ,.1 I' I

979 ~WADC. YR 5-7



Table I cautiaaed4

3 .012S 3 .93087 ages 15 *4' dt
3 .0150 3 .93254165 15 46460540
-3 017.5 3 .9 340 15 47796033
3 .0.200 3 .93586511 15 .49103416
3 .022S 3 .9 37 5 2U4 1 ! .50410691
3.0250 3.93.01 4 499 15S17 17639
3 *0275- 3 *Q dios 4 3 6 7  IS . 5JU;14* A
3.0300 3 .942S0152 15 5331824
3 .0325 3 ,94415654 IS5.55636659
3 .0350 -A 9 A31%1471 1 S .-f,9 4 S3 73
" .0375 3.94747007 15 .'b251995
3.0400 3.94912454 15 .5953A49:
3 .0425 3 .95077824 15.6086 670p
3.0450 3.9524310? l3.6217113
3 .0475 3 *9 4003Ce 15 .634773G.0
3.0500 3,95573-426 I5.6-0783b6P
3.*b25 3.9573065 15.6608933
3.0550 3.956034ie 15.67-95164
3 .0~7 S s 960602as is .60700864
3 .0600 3 *9623-j7O i5.70006450
3 .0625 3 .96397775 is .7 13a1 19
3 .06S0 3.96562397 IS*72617347
3 .0 6 PS 3 .96776*39 IS5 7192,0641
3.C%700 3.96691396 l.~2e.
3 .0 ? 5 JWObST71 15 .76bJ"8b3
3 .0730 3,.9722006.t is * 178-.P78e
3.0OT5S .1 a?3 o2 74 15 .7w 142G I ;
3 . OP c 13 3 .9 IF54 40 4 170 .6044 1IJb
3.0025 3.w7712451 IS.6 75igji
3.0850 3.97,676418 15.630t,6440
3 .06716 3 .9e040302 15 *C0 'eoe;?o
3 .0900 J .10204 103 1 I, .8!.bebbo1
3 .092S 3 * 98367&S IS bbg5
3.0930 3 *96531466 15 *zt7?73j1

I Of0. 0 3 W.'O'ja-j04 115 9 )on 1.1C. -
3 1025 3 .9%0 0211 70 0 . 6
3 .10s0 3 99'la52!'* 15 v.aA 6 04
3 .10715 3 ,9 ?l)3 - 'S 2
3 .1 100 3 .9951 1605 14
1 .1 125 3 .99674079 5 *9 7 3 A4 %a l

3.1 Il, b m. 1 0d

Ib I 'V00 4.00161-420 16 0 1 4? .
3 o ;f 1 4 0276? 1 6 0.,6 104J.,

WADC TR 54.279 0



*0Tabl 3bj(j;;1:jj7;

1b)= -a 1.7;.4 .1

.01 1.00022S 019~

.07 1 .0O040C .*0 146 ne;

.050 1 .0006254 - 084
- 00 1 006400 0 -

-l 00 1221r 70-;t

- 0 0 1 *00-.600 -. vj
.0450 . 002025 .0330927'

- 0.500 0 0 .0 6 t

.055 .003025 - '-S

- 00 1 .0C3600 0 - 4aS

- t5 PO4J22S. 0 -5C

- 0150 1.005625 OssV t:b8

.0*100 1.06900 OS42

- *1=f0 1.009600 *1O72eL.14

0901~0 1.000100 - *161

-. I!' I *0024O7 0 7 1 0'

- 00 *IO 050
- 1050 1 . 102721s 0 -)-t

- 1100 . 012100 * 02wo

1 *175 0 1 3225 - .460

- 1200 9 *0V0 *11Y8"

.129S!0 oIS625
- 1300 .*016900 - 0V3J

- *I150 I*0J122S 010 1 A %'i 0F

-. *?50 10. 02! -0h 1 4 G .u.

15- .02 toO I %flob0 7 .l1,t 7

- *15!10 1.02402 5 -1 I Ott.

1-5 . .0ju; 30625*"** *b

185 2!.0 1 . 0 3 4 2 I!I 4 6.~

1 9 0 6,U.76 0

7 1 mem~ n ng .4 * O* LA %A '

2S 50D 0R 4 s 's '#71



TeaM* 3 (CmUdm,4

- .2600 1 .os7600 .219466

- .2630 1 .070225 .2245017
- .2700 1 .072900 .2301980

- 2750 1 .07625 .2356586
- .6juv '1 .0 o400 .241184

- .20SO 1 .0122S .2467779

- .2900 1 .*064100 . 2524391
- 9 S0 1.087025 .2581698

- .3000 1 .090000 - 2639710
- .3050 1 .09302S - -*%go 4 1i

- 3100 1 .096100 .- 2757907
- 3150 1 .099225 - .28161 19

-- 2200 1 , 102400 - .267906
- 3250 1 lOS62s - .2940029

-r.3300 1 106900 " .30033SS
- . ./s5 1,.11 22 - ,30S66660

- .3400 1, 1B6C0 - .3130017

.3450 1.110025 - .3195778

.3500 1 122SOO - .261S oA

-. 3550 1 126025 - .3320233

- *3600 1 " 29600 .33S7,S3
- .3650 1 13322S - I .j e4 l b 3

- *3700 1 . 13t 900 .353-1448
- 3750 1.140625 .3603650

3800 1 , 144400 .*3674-76

.3690 1 1 144225 - 3746636

. 3900 1 . 164100 .34199 1

.39S0 0 1.1I6025 - .3603829
-*450 1.160000 .396788e

. 4"00 I. 16 i00 4 1217'04
.4"00 1 , 1600 .42718716

470s0 1,220900 44391946

- 4300 1.0184900 - 3 3659

.4400 1 & *103600 " .*602S13

4 50O0 1 . 202500 - . 75542

. 4600 1 1 211600 - 4 950 1 t

. 4 0 1 . 220904gO0 - . 1 140
4 a0 0 1 2 ;30400 1 S 3 13 G-,S)

-*4900 1 .240100 1 -s, P a O1

- SO00 1 25000 .5 E97049S

.5 100 1 1 1 0 ,'1 I,"7

b a&0 0 1 , - U400 , .
• 0 3 0 0 1 , ,T O .d O 0 o 1 '

to 40€, 1 .2 1UO L 'O .6.127783

5530M 30290O0 (j, T4g. twb

1 3 6 r) V 069 ,O 71'

, b.,s Uo I 1 3O , , ,-. .

WADC Tit 04-219 All



Table . (Cotiaed)
(b) - I.0200 4 3.|1.SO

y, (=- 62) Ys

- .6100 1 .372100 . 8 10,.

- 6200 a 3B440.1 ,ts 47 f..% 7fd

- .6300 1. 3 n- 6C SC0 A e"I 24 a

- .6400 .*409600 o o e -,r,

- *650 1 .422500 -

-- 6600 1 .43-600 - 014 ,
4

- 6700 1 .446900 T 9917.2 F

-- *600 1 .462400 P 0'-1 I

-- *690C 1 .*476100 1 *3-47Q"

- 7000 1 .4.0000 % .O*c",a10

- 7100 1 .S041C0 1 t'OQd'-•

-- 7200 1 , u, 184(.0 1 *I .- 30

-- 300 1 .532W0 1 1 905t14
- * 7400 . !.547600 - 1.'67;4

-- ,7500 1 .562500 I *23T(a.

- .7600 I.S77600 1 .301747

- .7700 1 *592oo0 1 *34oC.l
- 7 00 1 *G06400 - I Jk*) tie

-- 7900 1 .624100 1 *d136i
- 8000 1 *640000 1 , (321 I

- .tS 100 1 .6506100 V S no'CaU'

- .8200 1 .672400 - ,.* OS99E

- .83)00 1 .608900 * .14:)6:

- *8400 1 .*705600 # 1 ,41(S n01

- 0500 1 .722500 - .1 . 1L!3

8600 I 739600 .,7 364 It
8700 1 7 - . ' I00 " .7 & u p :4

A a 10 0 .774400 u f;: 9

0 8900 * 7 it O0 1 a8, ale

- .9000 .10 I *4i104

- #9100 11 I . 3' U
- 920O0 1 I .4CbO - ' 0 % *--

, 91400 1 .L( ' ¢ 0 •% I WO"O A "V
93 .00 1 , .l., 00 - ' Z , dl47 9

- * 9400 1 (t. 1h 0 , d *1

- 9500 -i - ;,a%~0 - 4 *~'7 4C

- 9600 1f; .?h 0 0 -
- 97'00 1 ,dlQcafl) - 2,14 74 j.1

- 49^00 1 ,.,4)400 - .. *A C

oO.')O0 , oI.t .u) u *02 5

- * O00 tj:U" 10 2 C- ., '
, 0 a

- 1 .110C P *a. t'0104. 2 /.v~. " '(14
- *C .)00 .' .C 0 0 ) - * qP~

+33 WAAX, TR $4-,279



Table 3 (Gefmt!=94d

(b) - 1.000 3.1250

.012S I a 000156 000 9 1 2~

.0150 1.*000225~ .01094V7

.0175 1 *UOU0306 .012'774V

*0200 1 *00 0 4 0:0 .0 1 44,SOO'

.022S 1 .000506 .0164260

*02S0 1 .000625 .0182540

.03275 1.080756 .0200021

000 1:.000900 02191 12
.0323 1 .00096 .23741=

0350 1.001225 .02557*2

6037S 1.001406 .0274064

*0400 1 .001600 o0292413

0425 1.001806 .0310?61

.0450 1.002025 .0322108

0475 1.*002256 *6347571
Csco 1.002500 .0306006

05S25 1.0027S6 ,0304404

.0550 1.003025 .0402946

0575 1.002306 .0421456

.0600 1.003600 00433935

0625 1.003906 .0450564

0650 .00O4225 .0477166

.06745 1 *004556 .0435001

00700 -1 * 004'I." OS'14412

.072S 1*00525* O0533181

.0775 1,005600 .0570714

.0600 1 .006400 05S09S43

.042.1 1 .006806 .0600416

.0S50 1.007225 .062733

*08,75 1 .007696 .0646297

40900 .*000100 .066%2,90

*0W25 1 00655G .0604373

G0950 1 *Co305 .07024687

0975 1 .009506 .07226bi

.1000 1.010000 .0741076

*1025 1 .010906 .0?6115P

*1050 1 0,0*1 07004we

1075 1.*011956 0:%40

*1100 1 0 1 71 el n *0 a0dj 4

*1125 1 .012fi6 .0626878

*11b0 1.013229 .0d5846

,115 1.012006 .0878172

1200 1,014400 .08978461

1225 1 ,01U000 c0ul7^42

*12~0 1.015625 ,0P3vsov
1.016256 .09%74i0

*1300 I *016900~ *Oh07467

WADC TI 64-279



Taha. 3 lCmtn.)

(h -.OaW 143.1250

t 7(n 62) YS

.1350 . 010225.1?7r

.1375 1 .010906 61037991

1400 1 .019600 .1050329

.1425 0 *20:106 .10rb752

.1450 1.*02102S .1 099216
1475 1 02t?5 *1185

,1500 1 u22500 *104

*192S 1 *02-;25. *1I2

.1550 1 .024025 1 116220-
1575 1 .024806 .1203N74

1d00 1.025600 .1224242

iG625 1.026406 01245411

1650 1 .027229 012J66660

.1675 i0.06 01280054

*1700 1.020900 iaows5jj

.1725 1 .0;29756 61331120

*1750 1.030625 *1352616

*175 1.021506 a137462J
160 .032400 *1396544

1625 1 .033306 0141801

1850 1.034225 *403

117 1.035156 * 1463008

1900 1.036100 oi4otP403

1925 1.037056 .1507021

1050 1.010029 01530565

4197S 1 *9000 SiSS3337

2000 i.0400,10 iS576239

2025 1 .041004 OiS99272

N 2050 I 04J292 .1622439

*20TS 1 042056 eis4md3

2100 1 .044100 .1669105

212S 1 *045156 1164276
21530 i.o 4 6?22"116

21.5 1047300 .1740362

220Qk td00
2225 1.*049506 .1780944

22SO~ 1 .050625 .1812062

221. 05 1 5fi *18i7oij

.235 1 *52~191,691

*2375 1.056406 19347W9

240Oi . 057600 9 96 2117 3

22 05606 1987U14

2450 1.060025
J47~ *061L*6 *03t0907

2 AO 0 *067s0oo

*2550 00?

Its WAflC 'iR S4-211



TabI. 3 4Cmt4%sued
(b) - 1.o0o4 3.1250

Ilif( h) 73

25~75, 1.06 JG5 .214 N I
Goo 1 .06b o .2170489

2052S I O0GSVG .2197.155
5 . 1 *0 7 02 2 t,2224411

267 5 I *7 1 S.6 2 k5 5 a,
2?00 1 0 r72 ),0 .2279100

.2725 1 .07425 2 306736

.2750 * "St. 2 ,.2334 57
2775 1077006 .2367f%15

.P800 1 .078400 .2 190 S)9
2825 1 .079606 .2419310

= 0 1 . •'122S .2447970
.28705 ( * 65,o .2476043
.2900 1 .*084100 .2505931
.2925 1. 08556 .2535236
.2950 1 0870Z5 .2Sb4762

97' 1 .*usa5o6 .2594510
.3000 1 090000 6P624465
*302 th 1OV, IOG
.3050 1 .093025 .2685122
.3075 1 .09455 .*27157V I
.3100 1 .096100 ,27o6W b
.312, 1 .097658 .2777642
.3150 1 .099225 .2609229
3175 1 . 100606 .2040063
3200 1 1024fl0 .2672?44
3 2. 1 .10100 .2904077

.32.0 1 0 10 6'5 .* 9 372uS
327's 1,107256 .29699O0
.330-0 1. 104900 .3002013
.3."1 a, 1 .110556 ,303s90

3310. 112225 .3049415
J .1t 7 so I I i.'if j b .3103116

.3al 1 . 12075U 124UbtSb

.3', S 1 1-'m'''7 6 124 00bu 0 11 i 0Is C% 0 d%

26UU l)2.L.'3% , .* ..

l 25 1 1"4 1 *4J
3G. '.u I * I J I4" .",: 1 S13 ).

c 00 I* 13ti'30 , ,Ji, 1 18

1 310 1 4i .. *

* 1? 7 I"* 1.1 '? f)f, 6 3 '1 t* Vt"

WADC TR 54 -79 zil



.3800 1 144400 ,70J
362S I 142uq, .3759419
0385C 1.146223 .3796646
3075 1.150156 13030608
.3900 1.152100 .30?t0709
.3425 1.154056 .3019151
.3950 1.156025 .39S9940
3975 1 1560,00 .4001078
44000 1.160000 .4042560
4025 1,.162006 .4004415
04090 1.16402S .4126422
04075 1.166056 *41601SP3
.4100 1.160100 .4212133
0412T 1.170156 *4255443
..4150 1.172225 4902
*41.?s S.114306 .4343194
.4200 1 . 176400 .4367042
422S5 176%06 .443247?
4250 1.160625 .4477703
4275 1 .1027s6 .4523323
.4300 1 .104V00 04569342
432S I i67056 .4613764
.4350 1 18922S .4662SO3
4375 1 16140A .4 Iromq91%2
*444io 1.193600 .475746?
.4425 1.* 95006 .4&05540

4450 1.190025 04AS40sv
.44 7 S 1.200256 .4902960
.4s0o 1.202100 .4tP523JG
4025 1.2*4796 *500212a7
4550 1 .207025 .50923'ro
4575 1*2v*400 bllujj4
.4600 1.211600 .%45415^
.4625 1 .21?90^
46s0 1.246225S7atI
*4675 '.216556 .5310266
.4700 1.220900 %5363228
4725 1.223256 .9d1OGt6
4 01ft I . 7? .0 r -

.477., 1.228000 .5524p9e~
4600 1 .230400, .5579R30
4025 1.232806 Sb 3t% I V2
4*5E I .2JS229 .O169 047

6 A74-01 .237656 .37 ?4'r4 oI
.0320a I -. -.j I c.uu 1 taI )

149i 51 2 24;J !#.. .~a I C
sav2 1 24&.U&' * i 8

a 4.)0.1 1 , 24*i0eu . ..4 t~C 1 V %

10? WADC ?It .?



Tame -a uft3ISS

.502S 1 .252506 *609 suso

. SOS I0 121PC25 .6196229

.5075 1 .2S75SG .6216737

.sloe 1.260100 ra27TV90

.5125 1.262656 .6229390
*5150 1.2692'2S .6401542

*47S 1.267806 .6 46'425 1
.5200 1 .270400 ,6527922
99225 1.273004% *69126'
.5250 1 .27502S 6655770
*527S 1.270256 .6720753
.5300 1.200900 .67,06329
.325 1.1 *23*6 .6652466

.5390 1 .26622 , .6919241
.51 1.268906 *6906592

.3400 1 .261400 .7054547
5425 1 .204S06 .7123113

*54S0 1 *230'S *7ig2293
5s475 1 *290?56 .7.262093
.5300 1 .302500 732520

SS15 1.05256 07403579
*5550 1.308025 17?2:

5 515 1 .310806 .7547614
5S600 1.313600 .7620601

.5025 1 .210406 .7694244

.5650 1.219225 *77ba54b

.S675 1.322056 .7643514

.5700 1 *324V00 67919ine%
r 2 3 1 .377756 .7395473

*'p7scJ 1.330625 .0072475

.5600 1.330404) .8220SSI
525 1 .33930^ .0301642
Ssn I .34222b .a0 1430
.57 3451SO .8467949

*ns00 1 .348 100 . 4 .1T
59245 1 2910%6 .66311 4b
.b9 0 1.354025 012d

.Ann0 I*J00JO 0S4'

.~ ~ ~ 60 2;I 63ZP, 003

.0060 .2 ~0 02 'i 9 C203G

. -T *'.60056 .9D13040J

6 1 2 1 J 72 a p 11
.6 19;0 1 J 7 0 1; G . 01 F'

. c 4 1 .01 *-J ? I dO ' .w do W &j.a &1

020 J&34400 Ir 41E

.621"15 , 01 0

WADC TR &4-49 al



-Table 3 (Cesume4

(b) -1.0200 443.150

t as)
.6230 1.*390625 .9765570

6b2 7 6- 1 .393756 .96~s371
ftifoI .3b0 jv@eO . anI 9f

.6325 -. 400056 1.004645
*bt350 1.40:32215 1.014174

*b4S0 1.*416025 *034

. 64/ta 1 .419256 1.0 63 1039

.6500 1 .422500 1 .073150

.6525 1 425756 1.083206

.6550 1 .429025 . 093'M12
6375 1.432306 1.1021%22
.6600 1 435600 . I1 4 235
.462t 1 .436906 . 124-33
.6650 4.44222w'- 13S324
6 g 15 1.449556 1 .146006
.671)0 1.440900 .156707
.672S 1 .452236 1 .16.7G60
.6,750 1.455625 1.176628
*.77S I * 459006 1 *1 89 e a3
.44600 1.462400 1.=00*55
.6825 1 465600 1 .2 1 Z II t
**850 1.46922S 1.2 -d:-7 3
.6079. 1 .4726U61.2j4 .
6 9 V0 1.476100 1 .. 746489

.6 9 2 tt .4795%0 1 .;i%0 1 6

.6950 1.403025 1160W O
*69?5 1 .486506 1 .20G177 2
. 7000 1 .4VO000O *9 3'V .4
*702S 1. * 4,3506~ 1.305851C
*7Cs0 1 *49?02'5 1 .317907
.7075 1.:X00554. 1.3302469

: i0 0 I5041le)C'J*S
7125 9 * T07!.C , *3..1

17ti 0 * 14.2 A 5 .i t I 7 s

*7200 9 *10V'O1 v itl.v?oft
*7J3Y5 I . Td'Ck, I f *44b ft

.7250 1 525Pk4 , *A t .1
7 2 *v 2 6.4 1% * 4 3. 44 1

7i0 !jJ2W0U .*4 4 ro7 1
t i toJ -',Ji 4b . A4 1 0

1 b '.' Z4 0 2 . I * . *,IU

?3 s u~4jwoG Istoi
1400 I ~4 L. 1 4' 3t..

leg WADC ?TR 54-270



Table 3 (Catuuai4
2 .6"64 443.13gS

*74 7S 1 *556756 1,d18
*7500 I.54250 l551O.

*7S25 1,546256 1 .570436
*7~~~50 11 70 2 1.504 9!10

.757S 1 *730f6 .997

* ~ .57600 *77O .6 14 164

7625 1 501406 1 6 a 901 7
79650 1505S225 1 .643976

7675 1 .96005 1 .659062
.7700 1.532300 * *674270%

:7725 15396756 1.669620
.7750 1 .60062S It *705094

:7775 1 .604506 .7206WO

70600 1 .608400 1 .736437
7402S 1.612306 1 .752306

7650 1.616225 1.766313
.7075 1 *6;015 1.7414453

7 wa0 1 bk4luu 1 .80072W
79213 1 *6004 1 .617142

.7050 1.632025 1 .03364
.775 1636006 1.650035

08000 1 .640000 1 .6067316
0602S Ib4.M. 1 .64160

0050 1.840023 1.*301303

0075 1 .052056 1* .0501
a010 0 1 .656100 1 .9 3b 9 04

:also 1 .664275 1 .971207

.0175 1 .66 0 6~ 1 .989012

822% I *b76Sc. d .025181

:6250 1 .6S002 2 .043472

.027S 1.664726 ;?.061'Vl6

*u30 0 1 .686900 2 080512

6.325 1 6930rG d .099263

*E03s0 1 6 9 7 2;9to; ,1 is16.0

*c3 75 .7014aft 2 .137231

*0400 .70563 -.0 t 4 5 1

.8425 1 .* w o VO OO .1 ~o'
e 4501 714 41V2. 1'J~ 0; Uo

.04 ft-I * I a2 1 62 t,0f0.

:05: * .7.26 suD ~ , 4'45W

.6550 1 1 ?1 O.p

66( 0 1 .F *4 a', Oa C * 1 .11 1.

0 426.0 1 *7.4t'2 3V

0 .0 7 4 07Ud 2~

W A= TR .4~ zie 2



YaM.~ 3. 1ChsJ50

J .4( A" 1 -3

.87150 1.76SO2~5 2.*442707
6175S 1 .?70005 2 .4b4428

8600 1 1 74 '40 .d 1 4to" - tet

.6615 1 7180 6 2.SOG399
1 3 I .78422. 2 S5300b3

*es7s 1 .787%35. 2 .5S30sts
.8900 1 *79al100 2 5?7Fni
.8925 1 .796556 2 .S96843'
.0950 1 .801025 2 .621478

I xw11I .6035CC ., .644644

9000 1.010000 2 .667996
9025 1i614vo* 2,691535
.UO50 4.61902S 2,71%264
.9075 t.'23!.6 ;1.739102

.1 0 0 1 . 2100 2 .763r92

.9129 1 e3 26 f~! F t.767Ob94

.21S1 .6 7225 2 .812001
90175 1 04 '-0 2 .836703
.9200 1 .04.400 2 ek6 1672

9225 1 045 '('6 a BLO7b6

*92S0 I a855tls 2 .9 12044
92'"S 1.060256 a ..1'3?31

.%,300 1 S*40Oo 2 .9 a J s- W
v~ ~ -1I 069%S6 .40e Q9 1 1.

93na . 0742. 1 .OIS24-

9j OS . 676906 . *U IdsI.II

~440 1 a662640' - .3 *0*6I).W
9:1 2 aa j.14 i 0 V ..1 144 7 d

045 .1 * .024 *'1t7

947 II 1 .977'ib
zpq0V 1 3902500 :.*176 lei

V ~ U 90721.6 #vat' P

9 O 1202I! *. .*,

95S75 1 1,ee v I f 0

.1000 1 .921601)w

9 A 25 1 *V2J6 4 * 161 .

.072S 1 .9ds *.u .4 1 1 aJ

.290 1 9506.IuJ .Stsl 746
0 7 q 9 toS9f6 do IsI 142

V A n0 1 *694400 Jdf1 9.%

0 a al% 441,W1 6-3)L

97515 is*.%5

Z'0OIs 18000 3 id *Ob~r

all WAIbC TR 54-274



-LMWEa £4 S.lls

.9925 1 .. 46SUS. 3 .6751917

.9950 1 .90023 3.706636

.qgTs ,1w0,sOG6 3.736316

1.0000 2.000000 3.770239

1 .00as 2 OObUW6 3 .6w04 *6
1.00-0 ;.f .010025 3.834819

1 .007S 2 O15056 3.84T490
1.0100 2 .020100 3 .900309

1.012S 2.02S156 3*. 9"-'49
1.0150 2 .030225 3.96SO6.
1 .017S 2 .035306 4 .010627
1 .0200 2 .040400 4 .03. 49

1.0225 2 .045506 4,0b8 0 Ie
1 0250 2 .050625 4.103164

1.02S 2.0-754 4.137T66

1.0300 2.060900 4.172621
1 .0325 2 .066obb 4 .20&044

. t350 2 .0F - 2e l 4 .243532

I.0375 j .07b406 4 .27.,1'IP
1 0400 2 .081600 4 .315310

.0425 2 .006806 4. 5104

.0490 : .09202S 4.384t69
1.0475 2. 09750 a .423006
1 .0500 2 . 1024t00 4.462123

i .052S 2 . 107756 4 .4W9514

1 Osso 2 . 113025 4.537104
.OST0 S . 118306 4 .57'at I J
.0600 • . 1d&itO0 '.613367

.062 2 . 906 4 .651004
1 opc 2- . 1.1 22 4 .b90606
.0675 2 . 139556 4 .729776
.0700 2 144900 4 .76VI5

.0729 2. 150256 4 .. 106 24
1 .0750 2.1~5625 .4.046767

?0775 2.15100 4.0G O44

• :-O0 ." . 66400 4 .9 l9SO7
.0625 2 171006 4 .' 7044 .0

'N4 f% 7 722S s5Ol1 fs00
us07 1626~0 Vi0 s30a

1 0900 0 . o I- -
:92 S 1, lt. * .2. ?,"

09 2 19025 2. 17W94 1

100- . 210000 * 4 109,

I IO " .' ~ .' , ,' J~'3 ..* , J" -,"
0! I'". , .'~7 .

1 * I t • I 2t,'02 .. .nrt. 14

WADC TR 14.179 ,1



Tamle ) (CmumuGe
(b) -l.OZOO4 43.lZ5o

Yt, iY4s s

1 1150 .. 24322S 3 2 1

11175 24S8 t G 5..74,aigw
I 1200 2 .254400 5 62024 4

1 1223 2.2.0006 5 66.117

1 1-&3 2 .269625 5 .7 12320

1 170 2 .271756 '..7687a
1300 2 .276900 bc-o!m?24

132S .2255 6 ,2w29

11350 2 .2&O223 . 0047

1 1375 2.293906 S.948354

1 .1400 2 .299600 S .996570

1.1425 30306 6,o045i4s

1I &5 .2 3 10. a S .094060

147S 2 3 3167 5 b '1 21

1 150C 2.322500 8 *1W29---

1 b00 2 .*~32O6 "24. 97

2' . 2 .334025 C .29 3O14

, 3 30 06 -A *jJ~

1 06~ 2 .345600 b*J941tW

I S :. .30140S ds- e 5. 3l I

1 2 .357225 ? .490 e, o;

1675 2 *36,.LU6 % I '1 "

1700 E~6~0 6t#02667

1 *12' 1 74 756 to S S3 20

7 .2.6 " . 7 bJ ,4

,oS 0, 2 sJ 0= . a7' I 11 7'

. 40 d 6 .Q2VJ 4

a .. 15 . ? 41% 1 bt, . ." '

t o100 . *. Ito I*,U 7 09 ''

S 192T- di ,2767j. . I to

I * ?b 2 Z 6 1' P* 04 1ish

I 2,, U *1 4 0000 7 . ,'IA l 1

2 , -0 ;4 4 C 0 * ? *

: *050! dbS2OS i377 1 1

I~ ~~d 7 01 au1C7

d6S,2 c -*

220~0 4.48O040#7 20 '

1 D 4,?no : ru.''" . ," ',

~~. :.* 6 A I7 VI 0

' . ' J .,. .' d .u 2 . .i, t.. "s *W't IA W

at WADC TR S4-.}9



LUM4 9~,4 3. 12M

M~e #)
1 . 3;S 2 531406 6.164146
1.400 * 376uO .A .22 77 t

1.49 2 a3406S ft . 292627
1 .2 O 2. SS002S 6S,20332
1 .247 .Sb6b2S 8.423262
1 .2500 2 ,262S1 0 9.42631
1 .2 2 .56TSS 9.094440
1 .2S 02 .STS%25 G .6 20 4E to 2
1 . 5 2 .501306 8.4a7381
1 .20I0 2 .54400 6.7534
1 .225 2 .5 30o6 a 82, 2129
11.2laso 2I.400229 4s,490o1 7-

1 . "5 -2 .6049SO 8c.969S•O
1 . 20 2.612 0 9.02)TOE41

1 .275 2 670125 9,6092061

1 .25 2 .672U05 0.2 79e9

1 .2600 2 6tl000 96.3081n

I .282S 2 .64406 9 .379393
.2050 2 SS122S5 . 4 s 15 1

I .267S 2I .6S"F6542 9 .5.23384

1 . 00 2 ,40 l 10 C S960 9S

1.292, 5 2. 70955 9.669286

1.2950 2.67702S 9.495

I .*2- 2 2506 10 .01811
1 . 3000 2 . 00000 9 .6S9 1764

I .202S 2 694".06 19." , O Pt' 31

1.30"75 2.70OSB- 6 le. ,11865S

1 .3100 2 . 7 16 Ion i v .1 I9S2

1 311 2 . 7 3e/o& 10 .' 4* •

1 . 3200¢ ; 2 1 4r4 aOO. I C. ,. ' a

1 322S 2 . ,? A a.. b IC ,,

1 3250 d 7 T 5b.'I 10, 6 0:4 C1
i 1275 J ? v n Ie 1 %% .7 4~ t i 4

1 3300 r t,LVO 0e I t' .'d. 1
1 .. , 1I .",.-- 4 *

i :~5 us lftli It 1 "t * F%94 s.

I J37?. I * 09C-.. 1 7 .

1 3400 . ''*.StO0 . 4

3 34. . C.J) di . 6 0 %

J47.q I 1'?*. 6 '
n .* JOSI :t

. U 0 19 * 1 ' off

WADI%* TR 54 4 79 994



1.3600 ~.& Sta 662

, 3676-4 .^~*70056 12 .101.-1
.. 9700 2 *41-76900 12 1 th6to

1.3725 2 .8637 .ft In
.3750 J *89062%. 1 :~ 1.

1.3775 2 .S.7S00 12 *4b2;.o4
.3800 2 WC4400 12?t!5 3 V2,
1 .829 2 *V I aI .JJCo I .fa4 61 7
1 *380w 2 .916225 1;?. ,7 3 w0

1 .3075 2 1 9 2S515S 12 .&$324 2
1.3900 2.YjdIoo 12.t#2643
I .392S P 9 a u a 1 1 1Z10'*
13.950 2 9 A0 P 13 .11621
1 *39700 2 bp b 3uO0' 1 A
1 4000 2.9400000 0'
1 .4026 2 v 67 0 a 13 . 40W34
1 .40SPO 2 So7 0 07 13 Suavo
1.4075 2 tolu 10gm 13 .60115
1 .*4100 2 .90 10 1 .iOta0
I .412S 2 9 0-31 '--6 13 7 9 l#
1 41100 3 0022!ab 13 89W 4,

. 417S 2.009306 14 .000*6
I A 2 Oi 3.01 1,1400 14 11)1 6

1 4i a a 3 C30625 1.30seq 1
421 O' O.J ?posla 1 4 044601%
1.30(l 3 .044.CJ0! * 1 :1 ?sr

.4125 .05.'01. 14 - 7
I 4314C i -4 j %. J .

41 Is7 3 *Obbdct. 14 a a~O.*
1 ~44,0 J*Cc.oo. 1* j

.. 442r, 1.08000D
1 *44SO i *O60. t3 *1 4.

. 44703 .1 IS'a . ~ .l

1 OO rs -j 2. 1U OVL 1,. I' its#*I
we * - .1 ifl ?s& .. 1. S.

I . . * fs I V . I - a .~. . *

ft 46 , ? JO I1J #I :V 0 1 t M 3 . 1
1 4 1; $ 0 IS . . J i i *i a I 1 . 1

I~~ 17~( 4

Ins WAIDC TR 54-4179

J61
I.



Table 3 (CmtInued)

jb) - 1.0200 4 4 3. 1250

Y,(u 62) Ys

1 4825 3 . 197806 16 .8451 3

1 4850 3.2052..5 16.96372

1 4875 3.212656 17,08303

1 .4900 3 .220100 17 .2L30 5

1 4925 3',227556 17 .32378

1 4950 3. 235025 17 .44524

1 .4975 3 , 242506 117 .56742

1 .5000 3. 250000 17 .69032

1 5025 3" 257506 17 .81396

1 .5050 3 .265025 17 .93833

1 .5075 3 ,272556 18 .06343

1 5100 3 .280100 18 .18928

1 5125 3 ..287656 18 .31587

1 .5150 3 . 295225 18 .44321

1 5175 3 .302806 18 .57130

1 .5200 3 .310400 18 .70014

1 .5225 3 .318006 18 .82975

1 .5250 3 .325625 18 ,9601 1

1 .5275 3 .3J3256 19,09124

1 .5300 3 .340900 19.22314

1 5325 3 .34 556 19 .35581

1 .5350 3 .356225 19 .48925

1 .5375 3 . 363906 19 .6 234 8

1 5400 3.371600 19 .75849

1 .5425 3 .379306 19 .89428

1 .5450 3 .387025 20 .03087

1 .5475 3 *394756 20 . 16825

1 .5500 3 402500 20 .30643

1 .5S2. 3 .4 '-1256 20 .44540

1 ..5550 3 .418025 20 .58519

1 5575 3.425806 20 .72578

1 .5600 3 .433600 20 .8671 8

1 .5625 3 ,441406 21 .00940

1 .5650 Z3 4 4!22 5 21 . 15244

1 5675 3 4-!57056 7 1.2963 1

1 .5700 3 464900 21 ,44100

1 5725 :3 472756 21 .58652

1.5750 3.480625 21 .73287

1 .5775 3 .4 t:850 G 21 . e 8 " t~ 7

1 5800 3 4964C0 22.02--I0

1 5825 3 •504306 22 .17698

1 .5850 3 . 512225 .". 32672

1 5875 3.520156 2Z *47730

1 5900 3 528100 22 t .62874

i 5925 "3 536056 22 .78105

1 L .- 0 3 544025 22 V 342 2

1 59 v5 3 .552006 23 08 , 2 G

1 6000 3 560000 23 2-1-31 7

1 60215 3 566006 2- .39895

WADC TR 54-279 Z96



Table 3 (Continued)

(b) -- 1.0200 3.1250

y,(= 62) Y3

1 6050 3.576025 23.55562

1 .6075 3 .584056 23 .7 1318

1 .6100 3 .592100 23 .87 162

1 6125 3 *60C0 1 .. 4 . 03095

1 6150 3.608225 24 19118

1 .6175 3 616 06 24 .35231

1 6200 3 624400 24 .51435

1 6225 3 632505 24 .67729

1 6250 3 640625 24.8-'115

1 .6275 3 *648756 25 .00592

1 .6300 3 .656900 2t. 171G 1

1 .6325 3 665056 25 .33823

1 6350 3 673225 25 .50577

1 6375 3 .681406 25 .67425

1 .6400 3 .689600 25 , P-* 4366

1 .6425 3 697806 26 .01402

1 6450 3 ,706C25 26 .18532

1 6475 3 714256 26 .35757

1 .6500 3 .722500 26 .53077

1 6525 3 .730756 26 .70493

1 .6550 3 .739025 26 .8800 5

1 .6575 3 .747306 27 .0561 3

1 6600 3 755600 27 .23319

1 6625 3 .763906 27 .411 --1 1

1 6650 3 772225 27 .59022

1 6675 3 780556 27 .77021

1 *6700 3 .88900 27 .95118

1 672- 3 797256 2, . 1331 5

1 675C 3 .805625 2M P 3161 1

1 .6775 3 .814006 28 .50007

1 .5800 3 .822400 28 .6850 3

1 6825 3 .830806 28 .8710 1

1 6 A 50 3 •839225 29 .05799

1 6875 3 .347656 29 .24599

1 6900 3 856100 29 .4350 1

1 .6925 3 .864556 29 .6250 5

1 .6950 3 873025 29 .8'1 6 1 3

1 697-5 3 . 88 1506 30 .00824

i 7 00 3 .890000 30 •. 1 '3--

S70 2 3 .8 9 8 V: n 6 30 .3 !-- 57

1 7050 3 .907025 -q30 • 590 A 1

1 7075 3 915556 -: .78709

1 7 1 0 0 3 924100 . -, .98444

1 .7125 3 9 3265 6 3 1 3244

7 1 0 3 9 A 1 22 :. 31 6 2. - 1

-" 949806 2?1 & S 284

*7200 3 958400 31 ( 4-,"

1 7225 3 9 G-7 0 06 3 1 98"14

1 '72 350 3 J 7 5t) 2 15 32 .19091
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Table 3 (Continued)
*()- 1.0Z00 4 € 3,1ZSO

Y ,( 61) Ys
1 .7275 3 .984256 3:2,39577

1 .7300 3 .992900 32 .60172

1 .7.325 4 . 001556 32 .- 40876

1 .7350 4,.010225 33.01691

1 .7375 4 .018906 33 .22616

1 .7400 4 .027600 33 .43652

1 .7425 4 .036306 33 .64800

1 7450 4 045025 "33 .8605 -

1 .7475 4 .053756 34 .0743 1

1 7500 4 .062500 34 .2891 5

1 7525 4 *071256 34 .505 13

1 .7550 4 .080025 34 .72225

1 .7575 4 .088806 34 .94051

1.7600 4 097600 35.15992

1 .7625 4 . 106406 35 .38047

1 .7650 4 .115225 35,60219

1 7675 4• 124056 35 .8250G

1 .7700 4• 1i2900 36 .04910

1 .7725 4 . 141756 36 .2743 1

1 .7750 4. 150625 36 .50070

1 .7775 4 . 159506 36,72827

1 .7800 4. 1C400 36 .95702

1 .7825 4 . 177306 37 , I ,696

1 .7850 4 .186225 37 .41810

1 .7875 4 . 195156 37 r5043

-1 j :jO 4 .204100 37 .88397

1 .7S25 4 .213056 38 .1 1872

1 *75- -,O 4 .222025 38 .35468

1 .7975 4 .231006 38 .59187

1 .8000 4 .24000C 38 .83027

1 .8025 4 .249006 39 .069C90

1 8050 4 258025 39 .31077

1 .8075 4 267056 39 , 5 5288

1 .8100 4 . 276100 39 .79623

1 8125 4 .285156 40 .04083

1 8150 4 .294225 40 .28668

1 8175 4 303J06 40 * 37

1 .8200 4 .312400 40 .7e216

1 .8225 4 . :S1F) 06 4 1 . 3 1 8 0

1 *8250 4 .3 3Q10' 4 =i . 2 o 2

1 8275 4 .339756 .1 53491

1 8300 4 348900 A'1 .78839

1 .8325 4 35805E 42 . 04316

1 8350 4 367225 42 .29922

8375 .4 :37406 A 2 '5658

8 .00 4 38t--600 .4 * . 524

1 8425 4 394806 4.. 7521

1 8450 4 404'.) 2- .. - 3 53 34 .)

1 8475 4 4 13256 4 . 399 1 0

WADC TR 54- 79 Z98



Table 3 (Continued)

(b)- '.0200. 3.1250

y,(= 6Y)
1 .8500 4 .422500 43 b30

1 .8525 4 43-1.756 44 .126-29

1 .8550 4 441025 44 .39-688

1 .8575 4 450306 4.1 .66282

1 .8600 4 459600 44 .932 10
1 .8625 4 .468906 45 .20273

1 .8650 4 478225 45 .47471

1 .8675 4 .487556 45 .74806

1 .8700 4 .496900 46 .02278

1 .8725 4 . 506256 46 .29886
1 .8750 4 .515625 46 .57633
1 .8775 4 . 525006 46 .85517
1 *8800 4 534400 47 . 13541

1 .8825 4 .543806 -7 .41703

1 .8850 4 .553225 47.70006

1 .8875 4 .562656 47 .98449

1 .8900 4 572100 48 2703 3

1 ,8925 4 *5 b1556 48 .55758
1 .8950 4 .591025 48 .84625

1 .8975 4 .600506 4S . 13635
1 .9000 4 .610000 49 .42788

1 .9025 4 . 619506 49 .72085
1 .9050 4 . 629u25 50 . 015.6
1 9075 4 .638556 50 .31111
1 .9100 4 .648100 50 .60842

1 9125 . 6517656 50 *90719
1 .9150 4 .667225 51 .20742
1 .9175 4 . 676806 51 .5091 2

1 *9200 4 .686400 51 .8 1230

1 9225 4 .696006 52.11695

1 9250 4 .705625 52 .42310

1 .9275 4 .715256 52 .73073

1 9300 4 . 724900 53 .03986

1 .9 125 4 . 734556 53 .35050

1 .9350 4 .744225 53 .6 b264

1 .9375 4 753906 53 . 97630
1 .9400 4 .763600 54 . 2 -2) 1 1 3
1 9425 4 .*773305 !,. . 60819

4~5 , 4 ;2~~C 546~

IS 1475 -1 .7927- 55 2462

1 '9500 4 .802500 5 , .: 6 "7-.2
1 .9525 4 .812256 ! 5 . t 9038

1 9550 4 .8 2202 556 *14F. 1
I 9575 4 .831806 56 '54079

1 r-7600 -i 8 4 1 t, 0 ; ' #5 L' [1 74 4

1 .9625 4 8 51406 =7 . 1S)746

1 .9650 4 0 612.- 5 E3 7 .! " b1

'I SO67 7T 0 5 6 7 r) 4

1 .9700 4 ., '0900
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Table 3 (Continued)

(b) - 1.OZO0 .3.1250

Y (= 62) Ys

1 W725 4 .890756 58 .52Si77
1 .9750 4 .900625 58 .86684

1 .9775 4 .910506 59 .2055 2

1 .9800 4 .920400 59 .54581
1 9825 4 .930306 59 .88771
1 9850 4 .940225 60 .23125
1 .9875 A .950156 60 .57641
1 9 00 4 .960100 60 .92321
1 .9925 4 .97005bo 61 .271i5

1 *9:50 4 .980025 61 .62175
1 9975 4 .990006 61 .97349
2 •0000 5 .000000 62 .32690

2 .0025 5 .010006 62 .68196
2 .0050 5 .020025 63 .03873
2 .0075 5 .030056 63 .39716
2 0100 5 .040100 63 .75727

2 .0125 5 .050156 64 . 11908
2*0150 5 .060225 64 .48258

2 0175 5 070306 64 .8477
2 0200 5 .080400 65 21470
2 0225 5 .090506 65 .5 P 334
2 _0250 5 • 100625 65 .95369
2 .0275 5 110756 66. 32578
2 .0300 5 , 120900 66 .69959
2 .0325 5 131056 67 .07515
2 03S0 5. 141225 67 .45;46
2 .0375 S * 151406 67 .8 3152
2 0400 5 161600 68 .21234

S04Z5 5 . 171806 68 .59493
2 .0450 5 182025 68 .97928

2 .0475 5 , 192256 69 .36942
2 0-500 5 .202500 G 9 .7 53 3 4
2 0525 5 .212756 70.14306
2 0!'50 5 223025 70 .53457

2 0575 5 23.1306 70 .92788
2 .0500 5 . 243600 71 .3230 1
2 *06 2 S 5 *253906 71 . 71995
2. 0650 5 264225 72.11872

2 06 1 5 5 .274556 72 .5 93 1
2 .0700 ! 284 900 72 .9 2 74
2 .0725 5 .2952t6 73 .32602
2 0750 5.305625 .3.73214
2.0775 5 316006 '"4.14012

2 0800 5 326400 74 .c4997
7 ,.3 '--3r,806 74 . 9 . 168

0350 5 :347 225 713 .3 37 L326
2 7T 57656 - 79 c 7 :

2 '_9 0 Ir- E; 34 1' 100 7 6'. 2 0 or 0 5-

2 9'7r "_ 37 35 6 7, 2 7:3 1

VWADC TR 54-279 300



Table 3 (Continued)

(b) - 1.02004 4 3.1250

2, y(0 62) Ys
2 0950 .5 ,38$:-f02 .5 77 •048 '50

2 0975 5 .399506 77 .47156

2 1000 5 410000 77 . B? 654

2 1025 5 *420506 "T *32344
2 1050 5• 431025 78 ,75227

2.1075 5 441556 79 .18303

2 1 100 5 452100 79 .6 1 574

2 1 125 5 .462,656 F. 0 .05039

2.1 150 5 .473225 80,48700

2. 1175 5 483806 80 .92557

2. 1200 5 494400 81 .3661 1

2 1225 5 . 50!5006 81 f3 0 6n

2 1250 5 .515625 82 .2531 2

2. 1275 5 .526256 82 .69961

2 1300 5 ,536900 83 ,14810

2 1325 5 .547556 A 3 ,59858

2 1350 5 .558225 84 .05108

2 1375 5 .568906 84 .50559

2. 14U0 5 .579600 84 .9621 S

2 1425 5 .590306 85 .42070
2 1450 5 .6010715 85 .88130

2 *1475 5 .611756 8i6 .34395
2 1500 5 .622S00 6 . 80865
2 1525 59, 633256 87 ,27541

1550 5 g644025 87 .74424

2.1575 5 .654806 88 21514

2 1600 5 .66i6U0 88 .63811

2 1625 5 . 676406 89 .1 6318

2 1650 5 .687225 89 .64033

2 1675 5 .698056 90 ,11959

2.1700 5.708900 90 ., 0096

2 1"725 5 ,719756 91 .08444

2 1750 5 .730625 91 .57004

2 1775 5 741506 92 .05777

2 -1800 5 752400 92 .154764
2 81825 T . 763306 93 .03965
2 1850 5 7742 ;)3 ,33 l1
2 1875 5 7851 h. 6 94 * 0 .3"01 .7:

2 S!900 . 796 100 94 .5 28G2

2 9 5 8070 - G e " 0 "- ,-

2,1950 5 .818025 9-,.3211

2 1975 5 .829006 91E, .03714

2 2000 .*840000 S6 5 4-436

2 2 025 S .851006 97 0 9 78

2~U a05 r- 82 0 2 S7 * 4 1

2 207- 5 873056 98 .07925

2.2100 A r f 4 1 00 987 f 39:I

2 2 12 :5 .89'5156 99 1362

2 .21 LC. 5, .9 06225 99 3 63 1 6

301 WADC TR 54-A79



Table 3 (Continued)

(b) - 1.0200-$ t 3.1250

y, (= 6) Y3

2* 2175 5 .917306 100 .1569

2* 2200 5 .928400 100 .6819

2 .2225 5 .939506 101 .2092

2 .2250 5 .950625 101 *7388

2 .2275 5 .961756 102 .270G

2 .2300 5 .972900 102 .8048

2 .2325 5 .984056 1-03 .341 2

2 .2350 5 .995225 103 *8799

. .2375 6 .006406 104 .4209

2.2400 6.017600 104.9642

2 .2425 6 .028806 105 s509

2.2450 6 040025 106 .0579

2 2475 6 •051256 106 .6082

•* 2_500 6 .062500 107 . 1608

2 2525 6 *073"/56 107.7159

2 2550 6 085025 108 .2732

2 .2575 6 * 096306 108 .8330

2 .2600 6 * 107600 109 . 3951

2 2625 6 118906 109 .9596

2 .2650 6 130225 1 1 U_5265

2.2675 6.141556 111 .0957

2 .2700 6.152900 111 6674

2 .2725 6 . 164256 1 12 .2415

2 *2750 6.175625 112.8180

2.2775 6.187006 113.3970

2 2800 6.198400 113 .9784

2 2825 6 .209806 114 .'5622

2 .2850 6 .221225 115 .1485

2 28;'.5 6 .132656 115 .7372

2 2900 6 .244100 116 .3284

2 2925 6 . 25555U 116 .. 2;e I

2 .2950 6 .267025 1 i 7 5183

2 2975 6 27850e 118 .1169

2 3000 .290000 1 18 .. 7 181

2 .3025 6 .301506 119 .3217

2 3050 6 .313025 119 .9279

2 3075 6 .324556 12.0 *366

2 3100 6'.*336100 121 . 1479

2 3125 6 3476-6 121 .7616

2 31V0 G 3592;-:5 122 . -!

2 3175 6 370806 122 .9968

* .3200 6 382400 ! !3 .6183

2 .3225 6 394006 1,'4 .2423

2 * 3 250 6 40 562" 124 .868S)

2 32 7 t .4 *17256 1 . 498 1

;_ :3 -:00 6 .428900 1 .16 . 1 29 E 9

.' 3 . 2 !5 f.,. 4 --10_'5b tL 0 1 % .7 t) 4 3

2 .33..)0 6 4 -223 . 1 2 . 4012

2 . -- 7 3 i; 6 4 , J 0 b 1 . " 40 C)

WADG TR 54-279 3.02



Table 3 (Continued)

(b) - 1.02004 4 3.1250

y,( 62) Ys

2 .3400 6 .475600 128 .6831

2 . 3425 6. 4 7306 129 .3280

2 .3450 6 .499025 129 . 9 -55

2 .3475 6 . 510156 130 .6257

2 .3500 6 522500 131 .2786

2 3525 6 5342.!6 131 .9341

2 .3550 6 . ,46025 1 :12 .5923

2 .3575 6 •557806 133 .2532

"11• 3600 6.569600 133.9167

2 .3625 6 .581406 134 .5830

2. 3650 6 . 593225 135. *2520

2 3675 .6 .605056 135. 9237

2 3700 6 .616900 136 .5982

2 .3725 6 .628756 137 .2734

2 .3750 6 .640625 137 .553

2.3775 6 . 652506 138 .6380

2 .3800 6 .664400 139 .3235

2 .3825 6 *676306 14) .0117

2 .3850 6 .688225 140 .- f 027

2 3875 6 .700156 111 .3965

2.3900 6.712100 142.0931

2 .3925 6 724056 142 . 7 9 l2 5

2 .3950 6 .736025 143 .4947

2 3975 6 .748006 144 . 1997

2 .4000 6 .760000 144 . P076

2 .4025 6 .772006 145 .6 18 :3

2.4050 6.784025 146 .3319

2 .40"7S 6 .796056 147 . 0463

2 .4100 6 .808100 147 .7676

2 .4125 6 .8201 55 148 .4897

2 4150 6 .832225 149 .2148

2 4175 6 .844306 149 .9427

2 .4200 6 .856400 150 .67 S

2 .4225 6 .P68506 151 .4073

2.4250 6.880625 152.14A0

2 .4275 6 .892756 1!2 .8 86 jz

2 .4300 6 *904900 153 .626 "

4325 6 .917056 154 *37 IG

; 4350 0 , 2 22- 1" . 1200

2 4"J7 5 G 45 MY I41.

2 4400 6 *953600 I Fr; ,0 258

2 .4425 6 .965806 15"; .3832

2 .4450 6 .978025 158 , 1435

2.4475 6 .990256 153 .9 0169

- 450 0 7 .002500 1 69 67 - 2

2 .52 .5 7 . 014756 160 .4426

2 4550 7 027025 161 .215c,'

2 .4575 7 . Q3i:O 30bt 1 G 1 .*:) ' - 0 t

2 .4600 7 .051600 162 .7 b, 89
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Table 3 (Continued)

(b) - 1.0o0 4 < 3.1250

Yi' 028

2 4625 7 ,06390b 163 550 *

2 .4650 7 .076225 164 .3351

2.4675, 7.088556 165.1228

2 4700 7.100900 165.j135

., *4725 7 • 113256 166 .7074

2 .4750 7 . 125625 167 .5043

2 4775 7. 138006 168 .3044

2 4R00 7 150400 169 .1U76

2 4825 7 16;806 169 *9 139

2 *4850 7 .175225 170 .7233

2 4875 7 187656 171 ,5359

2 .4900 7 200100 172 .3517

2 4925 7 .212556 173 .1706

2 4950 7 . 225025 4 73 .9 27

2.4975 7.237506 174.8180

2 .5000 7 . 250000 175 *6464

2 5.025 7 262506 176 .4781

2 5050 7 .275025 177 .3130

2 5075 7 28 /556 178 .151 1

2 .5100 7 300100 178 .9924

2 5125 7 .312656 179 .8370

2 .5150 7 325225 180 .6848

2 .5175 7 .337806 181 . - 359

2 .5200 7 .350400 182 .3903

2 5225 7 .363006 183 .2479

2 5250 7 375625 184 .1088

2 527 5 7 .386256 184 .9730

2 53U0 7 .400900 185 .8406

2 5325 7 .4 13556 1 86 .7 1 14

2 53!50 7 .426225 187 .5856

2 5375 7 .438906 1 8 M 4631

2 5400 7 451600 1A9 .3439

2 425 7 .464306 190 .2281

2 .5450 7 *477025 191 . 1157

2 .5475 7 4897 56 192 .0067

2 .5500 7 .502500 192 .9010

2 5525 7 .515256 193 .7987

2 5350 7 .528025 194 .69 %

2 557? 7 540806 195 .6c4 .t

2 bU 0 7 . 5536500 16 .*51 2-1

2 5625 7 b6bbUb 197 .4238

2 5650 7 .579225 - - .3 .3387

2 !1,G75 7 .592056 1 .9,P .2570

2 -1700 7 604900 200 . 1787

2 5725 7 6 17756 2% 1 I 040

2 :j750 7 630625 202 .9 4 "27

2 t: 7 .' 5 7 .1643506 202 .- (b-49

2 t5,a 00 7 .656400 203 .90C'.#

2 :, 82' %7 .669-306 204 ,399
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Table 3 (Continued)
(b) -- 1.0200 4< 3.1250

YI(= 62) Ys
2 .5850 7 .682225 205 .7827

2 .5875 7 .69515,3 206 . 7289

.5900 7 708100 207 .6788
2 .5925 7 721056 208 .63.2
2 5950 7 . 734025 209 , 5891

2 .5975 7 .747005 210 .5497

2 6000 7 .760000 2 1 .5138
2 602:5 7 .773006 212 .4815
2 .6050 7 .786025 21:3 .4528

2 .6075 7 . 799056 214 .4277
2 .6100 7 .812100 215 .4063
2 .6125 7 .825156 216 .3885
2 .6150 7 .838225 217 .3743
2 6175 7 .851306 218 .3638
2 .6200 7 .864400 219 .3570
2* 6225 7 .877506 220 .3538
2 .6250 7 .890625 221 .3543
2 .6275 7 .903756 222 o3!85
Z .6300 7 .916900 223 .3665
2 .6325 7 *930056 224 .3781
2. 6350 7 *943225 225 .3935

2 .6375 7 . 956406 226 .4126
2 .64C0 7 .969600 227 .4354

2 6425 7 *982806 228 .4621

2.6450 7 996025 229.4924

2 6475 8 009256 230 .-266
2 .6500 8 .022500 231 .5646
2 . 6525 8 .035756 232 .6063
2 65.5 0 8 .049C25 233 .6519

2 6 575 8 .062306 234 .7013
2 6600 8 .075600 235 .7545
.2 *b5 625 8 *088906 236 .8 136

2 r650 8 102225 237 .8725
2 667_ =  F 115556 238 .9373
2 6700 8 * 12 3900 2 10 .0060
2 672 _: 8.1422ZG 241 .0785
2 6750 8 . 155625 242 . 1550

2 6775 8 .169006 243 .2354
2 .- 800 8 182400 24 A .3 1 S-.) c
2 . 36 i2! !W • :56806I 2 4l -n , U 7 8

2 .6850 8 .20922S 246 .5000
2 6875 8 .222656 24s . 961

. 6900 8 .236100 248 ,. f.:62
2.6923 8.249556 249.8002

2 .6950 8 263025 250 .28 2
6 65 7 5 a 2 7 0 6 25 *02 02

2 7000 8 ,290000 253 , 1362

S702 5 8 30.350 6 254 .2 !- 6 3
2 70 0 8 317025 2 5 3807-4
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Table 3 (Continued)
(b) - 1.02o0 3.1250

y,(- ,) Y3

2 .7075 8 330556 256 .5084

2 7100 8 .344100 257 .6406

2 7125 8 357656 258 .7768

2 7150 8.371225 259.9171

2 7175 8 384006 Z1 ,0615

2 7200 8 398400 262 .2099

2 7225 8 .412006 263 .3625

2 72t0 8 ,425625 264 .5192

2 .7275 8 .439256 265 .6800

2 7300 8 452900 266 .8449

2 7325 8 466556 268 .0140

f Lit;,0 8 .480225 269 .1873

2..7375 8*4939C6 270.3647

2 .7400 8 .507600 271 .5463

2 7425 8 ,521306 272 ,7321

2 7450 8 535025 273,9221

2,7475 8 •*5418756 275 .1164

2.7500 8.562500 276,3148

2 7525 8,57G256 277,517%

2 7550 8 .590025 278 .7245

2.7575 8.603806 279.9357

2 . "600 8 .617600 281 .1512

2 .7625 8 . 631406 282 .3709

2 •7G50 8 645225 283 , 5930

2 .7675 8 .65905b 284 .8234

2 7700 8 . 672Q00 286 .0560

2 7725' 8 .686756 287 .2931

2 7750 a .700625 288 .5344

2.7775 8 . 7 1 45U6 289 ,7802

2 7800 8 .726400 291 .0302

2 7825 8 .742306 292 ,2847

2 7850 8 *756225 293 .5436

2 .7375 8 .770156 294 .8068

2 7900 8 .784 iOO 296 .0745

2 .7925 8 .7.98056 297 .3466

2 .79-50 8 .s 12025 298 .6231

2 .7975 8 .826006 299 .9041

2 .0000 8 .840000 3)1 . 1895

~.13025 5; 4C00 0 3 01- 4794

2 .800 8 86802S 303 ,7730

S.8075 C,. 3C -0!: 305 7 1P .
2 8100 8 896100 30-, .37L U

2 86 125 8 .910156 30"1 .6839

2 .8150 0.92.4225 3LUie. .9963

2 8175 8 .938306 310 .3133

2 20 0 952400 1 4 AT3.

2 822 '  8 .966506 312 .9 6,09

2 8250 8 .980625 314 , '9 1E

:1 b 275 999475b i315 *b269
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Table 3 (Continued)

(b) - 1.0200 3.1250
~~y, - )Y.3

2.8300 9.o00900 316.9bG7

2 83
2 5 9 023056 318 .3112

2 b350 9 .037225 219 6 03

2 .8375 9 .051406 021 .0140

2 .8400 9 065600 322 .3724

2 8425 9 .079806 323 .7 354

2 8450 9 .09402C 325 .1031

2 8475 9 108256 326 .4755

2 .8500 9 12 . -5; 00 327 8 526

2 .8525 9 13675b 3:?9 .2345

2 .550 9 151025 330 .6210

2 .8575 9 165306 332 .0123

2 8600 9 .179600 33J .4083

2 .8625 9.193906 334.8090

2 S65i0 9 . 208225 336 . 2146

2 .8675 9 .222555 337 .6249

2 .b700 9 . 236900 339 ,0400

2 8725 9 251256 340 .4600

2 .8750 9 26S%,25 34 1 .8047

2.8775 9 2&-0006 343.3143

2 8800 9 294400 344 .7487

2 '8825 9 .30e806 3 16 1880

2.C050 9.323225 347 .6321

2 .8875 9 .3376 56 7;49 . 0 C 12

2 8900 9 352100 350 .S351

2 .8925 9 366536 351 .9940

2 8950 9 381025 353 .4577

2 c,975 9 *395506 354 .9264

2 .9000 9 410000 356 .4000

.9025 9 424506 357 .8786

2 9050 9 439025 35S .3622

2 .9075 9 453556 "3 60 % *,507

2 .9100 9 468 100 362 .34.1 J

2 .9125 9 482656 363 M*428

2 9150 9 4972;' 5 3GS .3464

2 .9175 9 S,11806 356 .8550

1 920U)0 9 52 6 A 0) 3 8 3686

2 2- 2 2 . 54 1 00 6 3 6 9 .8874

7 9250 9* 5 5 I_ 4 c 371 4 1 1

2 .9275 9 570256 Z! "," - .9 4 CIO

2 9300 9 .584900 37e .4740

2 9325 9 .5S9556 3 -t: .0130

2 .9350 9 .614225 377 5 572

2 9 .:i7 S 9 *620906 4' 7 C4 1 06!:

2 940"' 9 643600 380 .6610

.,- 9425 9 .6 8306 382 .' 207

2 9450 ." 6"030 5 383. f t t-

2 .94715 9 6 7756 385 . 3555

n 9,{ 0 C 9 .7(2500 386 9 Z407

W A1~ "I MD CA 'P7fi



Table 3 (Cotinued)

(b) - 1.020 9 .,3.250
y, (=62)

2.95~I25 9.717=51S 388 Si1ll

2 .95O0 9 .732025 3 9 C10 *96I 7

2 .9575 9 .746806 391 .6876

2.*9600 9.761600 :$93.*2838

2 .90525 9 .776406 394 *8852

2 .9650 9 7 91 2 25 39 6 4 91 8

2 .9675 9 *80605G 398 .*1038

2 .9700 9 .820900 3 .721 1

2 .9725 9 .835756 401 .3437

2 .9750 9 .850625, 402 .9 716G

2 .9775 9 .865506 404 .*60 4 Q

2 .9800 9 .880400 406 .2435

2 *825 9.*895306 407.*8875

2 9850 9 .910225 409 .5369

2.*9875 9.*925156 411.*1917

2 .9900 9 .940100 412 .8519

2 .9925 9 .955056 414 .5175

2 .9950 i* 970025 416 . 1 8 8

2 . V W7 5 9 .985006 417 .8651

3.0000 10.00000 419.5470

3 .0025 10 *01--00 421 .2345

3 .00cS ~0 10 .03002 422 .9274

3 .0075 10 . 04505 424 .8259

3 .0100 10 .06G0 10 426 .3299

3.0,25 10055 428 0394

3.0150 10.0902P 429.7S44

3 .0175 10 .10530 431 .4750

3 0200 10.*17040 433.*2012

3 . 022 5 10 *13550 434 Q932W

3* .0250 10 15062 436 ft 03

3.0275 10.16-575 438.A13-4

3 .0300 10 *18090 440 . 1619

3 .0=25 10 * 19605 4.41 *161

3 .0350 10.21 122 443 .67-50

3 .0375 10 .22640 445 .4 41 G~

3.0400 10.24160 447.2129

'I * 0425 10 *25680 448 . Sa8 'r E

3 0 4!:C 10 *272t:I' --. 50 *77---

3 .047S 1 0 *2P~7205, 4±'2 * 5 laO9

3 *0500 10 3 3025 0 45t) 4 3550O

-4 0525 10 .31775 1. 5 149C

-3 .0550 10 .33302 4 5 .9 605

3 .0575 IcQ 34CI30 4 5 .7719

C ('bOO 10 3G 3 60 -~1 F;#%CI1

74 06 2 t 10 :378C~0 463 :4 1 P*9

3 .06 .0 10 *39422 465 .2410

. 01575 10 *4095 5 467 075F;7

3 .0700 10 4 24 90 4 r/. 1, 9 1 r

-3 0 7 2 S 0 .44025 470 .7~2

ipr A V% 'W'D CA.'70 308



Table 3 (Continued)
(b) - 1.O200 4 44 3.1250
y( **) Ys

3 l 0 10.45562 472.6149

3 .0775 10 .47100 474 . 4 73'R0

3 o 0 Cc 10 .48640 4,6fa .3371

3 *081"1s 10 . SO0180 47M 2 .. 71

3 0850 10 .51722 480 .030o
3 .0875 10 .53265 481 .9649

3 0900 10 54810 483 .6527

3 .0925 10 , 56355 485 .746.-3

3 .0950 10 .*57902 487 .6463

3 .0975 10 .59450 4 % Q.5521

3.1000 10,61000 491 .4639

3 . 102- 10 ,62550 493 .3818

3.1050 10 .64102 495 03057

3.1075 10,65655 497.2357

j . 11C'0 10 .67210 499 .1717

3 1125 10 68765 501 .1138

3 * 1150 10 .70322 503 .0621

3.1175 10 .'71880 50-.0165
3*1200 10.73440 506 .9770

3 1225 10 .75000 508 .9 4 Ur6

3 . 1250 10 .76562 510 .9 164
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Table 3 (Continued)

(c) - 1.02004 4 3.1250
"

X4  
Xa

- ,150 - 17% S0 3 ' 1500 18

- *0200 - 01739792 .02000800

- •.0 50 -1721243 
02501t563

- 0300 0 1703b37 .0300200

-- 0.350 - 1687..49 *03504 2 8

0 0 - 01672430 04006400

- 0450 • 165843 1 045091 13

- 0500 - 1645426 .0C012500

- .0550 1633549 .05516638

- 0600 1622792 06021t-,O00

- 0650 .1613063 06527463

- 0700 , 1604361 .07034300

- 0750 1596740 .0754 .1 14A

-- 0800 - .1590147 0805;200

- ,0850 - 155457A 0FM5 C141
1

- .0900 - 15O0049 .09072900

- 0950 - 1576522 09=8Li 738

- 1000 - •1574009 1010000

- .1050 - .1572 5 • 1061576

- .1100 - 1571997 .1113310

- 1150 - .1572486 . 11..0 3

- .1200 - 01573961 .1217280

1250 - 1 5 764f0 It 2 C. I' S 31

- *1300 - 015798A2 1321970

- 1350 - *1584323 .1374b03

- *1400 - *1589739 1427440

- 1450 - .1596137 14 F 0 4 16

- .1500 - ,1603509 1533750

-- 550 - .1611860 158723d

- .1600 .- 16211%8 *16409G0

- 1650 0- 1631494 16949-21

- *1700 1- *16-.2 7 M1 1749 1 30

1750 - 1 5504!3 1803.793

1- 100 - 1668 29 . 1858320

-- 1850 .1682522 1 1.SJCI
_ *1 -.,j - 1 6 7723 *. 19 56PRi9O

1- 1930 - 17 J 41 .1 C i 4 3

-- . 2000 .1 "/.j I i . I • 2 -'0

- 02050 - 17493J5 2136151
.100 -1 *768529 2192610

.2150 - ^7 8731 3 - -3

-- 2700 - 1MOC994 2 ""3064,0

- 2250 - 1 421 9 2_636390 e

- 2300 1 a 5 ,' 4" X0 2421670

- 23.0 - ,1 579700 ".'47' 77 8

- .2400 - W 0 5014 1- :3 8 2 ,Q

- 2450 - .1931372 .259 7061

- 2500 - # ,:O':i5 7 E0 f' (- 62 t 0

2 .5 D - I-9 07 2 4 7 27 1581

WADC TR 54-Z79



lable 3 (Continued)
(c) 1.20 A;zo 4 3. 1250

x4  
x&

.2600 - , 2 0167S0 
2. 7576O

- ,2650 - ,2047390 
. S; 3 60

- ,2700 - ,2079085 
.289r830

- ,2750 - ,2111 b75• 2S57-;5"P

- *2800 - 2145769 
.301V520

- 2850 - :2180779 
•3081491

.2900 - .216916 
..3143ES

- .2950 - .2254 190 3206723

. 3000 - 0 2 292614 
3:d700U0

.3050 - 02332199 
33334 26

- 310 0 - ,2372V5" 3 3 9 7 91U

.3150 - *24 14904 
346 256

3200 - 2458050 
.352763U

3250 - 02502410 
•593281

, 300 - 2547997 •3699370

-- 3350 - * 2 '5 
9 4 '2? t *37259-J

,3400 - 2642914 
. 3793040

-- 3450 - 2692273 .860636

- ,3500 - 02742921 
. 392e7=;0

, 355S0 - ,2794872 . 3997388

- 3600 - 2848144 
• 4066 6 0

- • 
401 I36271

3650 - .290275At • l13

3700 - 295A 7 18 . 010630

3750 - 3016055 
4277343

-- .43 
4720

-- 3800 - 3074792 .4420666

- *3050 - 03134918

S 3900 - 3196481 ..4493190

- .3950 - 3259492 4566298

.4000 
- 03329694

-- • •4"789210

.4100 - 3457403 .49 210

- 4200 - : q o6950

S .4300 - .37427Ul . 509I070

4400 - 03895076 
. 5 2 51840

- 4 00 " 40 :401 5 54 1 1 2

- 46 0 0 421979 
9  5 7 3 U

- 4700 - .43D2 -7 :4 3' 230

i 0 0 - 4572b8 ! 5 ,:>05920

- 4900 - .4760202 
7•5.

_ , )000 - .4955395 
.6250000

.5100 - •5158A.
9 9  .6426510

.5200 - 536971 7 ,60 e 0 i,')

- 300 - 5S89319 67687 7 0

- . 40 0 - 581 " 54 1

.. 5 0 Q - . 60546:39 7 1 f 3 7 3G

- 6 06 0 - 6300S73 73 _, E, 1Fo

., 700 -- 5 tefo 7  , 5 19

-5 8 1) 
7 1, 1 1 -7 (-)'

9 0- 0 7 01.17 1-3 4 7 S4 973. / . 9U

f -" ,O 0 .7 6 "-C-
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Table 3 (Continued)

(c) - 1.oz0o I( 3.12SO

X X2

_ .6100 - *767879 8 
10

.6200 - 07985777 
.658:.80

_ 6300 - *8303937 
•8800470

6400 0 8633604 .9021440

* 6500 - .8975107 •9246250

_ ,6600 - ,9328788 .9474960

- ,6700 - 096949P3 
97 07530

_ .6800 - 1 .007408 
.994432"V

- ,6900 - 1. 046641 1.018509

S 70T00 - I . 0 8"7 2 3 f1 .043000

_ ,7100 - 1 .129232 
1 .06"911

_ 7200 - 1 .172666 
1 o09 3248

_ ,7300 - 1 ,217" 80 1 ,1 9U21-

- ,7400 - I : 264015 
1 . 145224

- ,7500 - 1 .31201 
1 I 171875

0 .7600 - 1 361611 I 198976

_ ,7700 - 1 417 860 1 . W26533

_ 7800 - 1 465802 
1 .254552

S ,7900 - 1 .520482 
1 .283039

_ .8t00 - 1 .5-16947 
1 .312000

_ *8100 - 1 63FP245 
1 341441

.,5200 - 1 .69542
3  1 4 7 13879,

S .8300 - 1 .757531 
1 .401787

_ .840
0  - 1 82162U 

1 .432704

S *8-0o - 1 887741 
1.464125

- .8600 - 1 95b394
6  1 496056

- ."o00 - 2 .026290 
1 .520503

.8800 - 2 09 826 1 .561472

- 8900 - 2,17J611 
1.594969

- .9 000 - 2 .250701 
1 .629000

.9100 - 2 .330153 
1 ,663571

- *9200 - 2 ,412027 
1 ,6906E

:9300 - 2 ,496383 1 734357

S .9400 - 2 5832-52 
1 770584

- 9500 - 2 *672785 1 8073 7:

-- 9600 - 2 .7b4t.
5 7  1.84A-.36

- ,9700 - p . t08 6 2 1 flP. 2 G"7-)

_ 9800 - 2 .957-65 1 9.d I 1 ;

_ 9900 - - .C5 ", I 3
4  1 . 602999

1 0000 - 3 .101636 2 000000

- 1 0100 - 3 .268140 2 .040301

1 0, 910 - 3 . 3"77 1 8 2. 08 : ?-20)

WADC TA 54-279 312



Table 3 (CoItinued)

4(c) 1.0200-4 3. 1250

I x4  xz

.3125 
1889331 - .01 250195

0150 -1*902993 
- 0150038

.0175 - 01i16966 - .01750536

*0200 - 1931265 - .02000800

*0225 - *19456 7 - . :d2 5 11 3 9

00250 - *1960848 - 02501563

.0275 - ,19761- - .02 r 5;-)00

*0300 - 1991742 - .03002700

*0325 - 02007689 - .03253433

.0350 - 2023971 - .03504258

*0375 
02040595 - *03755273

*0400 - .2057563 - .04006400

0425 - 02074875 - .04257677

*0450 - .2092536 - ,04509113

.0475 - . 2 11054 - .*0,1760r17

*0500 - .212,916 - 0%012"P00

*0525 - *2147640 - .05264470

•0550 - 02166726 - 05516638

*0575 - 02186176 - .05769011

80600 - 2205S)92 - - 06021
6 00

*0625 - 02 6178 - .06274414

0650 - 2246738 - .06527463

.0675 - *2267676 - . 06780755

.0700 - 02288993 - .07034300

.0725 - 2 3  0694 - u 28e, 108

*0750 - *2332782 - 07542188

.0775 - 23.-526 1 - *07796ts48

*0800 - .2378 135 - *05051200

.0825 - *240 1 407 - .08306 152

Sut50 - .2425081 - 0856141 3

.0875 - *2449160 - *08810RS'
2

• 00 - .24173649 - 0v072 -;O0

00925 - 0,498552 - 0937'? 14--

09 50 - ,2523872 - 0958 $ 7:3ib

.0975 - .2549613 - 094 t. 2 ,

100 - 2575780 - 0 '1 ( 0

.1025 - 760237 1 --

1050 - 262940 -1 7

*1075 - . s 684 - 113"1

1 100 - .2684788

1125 - .2713146 
Z311""2

1150 - .2741956 - ,

1175 - .2771--,,21 1 ;,1

1200 - .2.0 947 - 7 Z1 6 Q

1225 - 02831 13 j- 1 :2.! 3 '

1250 - .2861799 - t2. 9 1

127 - . 2 92935 - 1 20572,

1 3u 0 2924 -3'7 0 -i 1 P 7 0

1325 - *.9 ' 49 - -4 C t4 9
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()Table 3 (Continued)
(c) - 1.OZO, A , 3.1250

394

*13,50l 6 2989P37 - . 1 374603

1375 *- 30.2320 - 14U 996

0 1400 - 03055903 - 4:.'7 4 4 C)

*1425 - •3089989 - .14530:J

* 1450 - •3124586 - • 1480486

61475 - .3159698 - •19r07090

•1500 - .3195331 - 15337'i0

*1525 - 03231489 - .15tb046,5

*1550 - *3268179 - •1587238

* 1575 - *3305407 - 1614069

*1600 - 63343177 - 16340960

*1625 - 63381496 - .1667910

01650 - 03420369 - .1694921

*1675 - .3459803 - .1721994

.1700 - 03499102 - .1749130

*1725 - .3540374 - .1776329

.1750 - *3581525 - 1803593

*1775 - .3623261 - 1830923

*1800 - 636 -,587 - *1858 20

*1825 - 43708511 - .1885701

. 1850 - •3752038 - . 19 13310

,1875 - 03796170 - .1940918

*1900 - *3840931 - .1968590

• 1925 - .388630": - .1996333

.1950 - .3932318 - .2024148

.1975 - *3978964 - *2052037

.2000 - .4026255 - .2080000

.2025 -- ,4074196 - •210e0O"7

.2050 " *4122796 - , 2136151

*2075 - ,4172061 - .2161341

.2100 0 •4222000 - .2192610

.2125 - 042726'18 - .2220957

.2150 - *4323924 - .2249386:

.2175 - ,4.775926 - .2277891

.2200 - 0442e630 - . 2306480

.2225 - .4482045 - .233515's

0 - 4536 1"8 - 2363906

, 2.:" 75 - 4591038 - . 2.3'-7 274 :
, 2300 - 464663 2 - 24 21670

47-0 0 2 3 4 -U3

.2350 - *4760055 .2479778

.2375 - ,4817901 - 2508961

.2400 - .487C51 5 - 2'.L, ZJ42.4,u

.2425 - 04935905 - . 2S . 7605

.2450 - .49V6079 - 2'.97001

.2475 - 5057046 - 2626609

.2500 .- 5113815 -2 6 F, C 25 0

S2525 - .5181395 - .685984

2D3 - ns15a13

WADC TR 5.4-279 314



Table 3 (Continued)
1.0€0 - o19 3.1. SO

34 xz

, 57P5 " o53O0 0:4 , So 7 3 U

.2600 " 05:3"740 1' 7 S7' Gb0

•2629 15440006 
U . , 7 0

2650 - *,50677"8 - . 203C.090

*2675 -5574416 
- . 1 t, 6C,41 3

.2700 564 2930 - . .)(IV.3 7

02725 
,57 1233 1 - " 2 7 :

4

2750 
57e2627 

- •

0 2 0'75 -5 5-4 2 - Is052

62800 -592!ESI45 
- . 9.2

*225 - 5998~989 - .70!.,0452

2850 -6072968 
- .3081 4, 1

*2875 - *1 47 8 V5 - 31 12CW3

2900 - :6223778 
- 3 1 4 .InqO

02925 -, 300
6 2  - 5 "I , 2

*2950 - 63784 G0 - .1 20 L723

,297S - 6457279 - • 3:.'e 3OC'

.3000 ,6537099 - .3270000

*3025 
.66 17W1:$0 

1 e 0 ,

3050 - 6699785 . 3J3726

03075 - 6702674 - 3 3c57t>

*3100 - 06860609 -3 .910

31 2 5 
4. 6f f01 -1

.3150 - ,7037663 -346255-

•3175 -7124805 
•3-9!-;059

•3200 . 72 1 a-,040 - • 3 -o 7 6-ti0

.3225 -7302361 
- • 35. 04 2 0

*32S0 -. 73S2839 - 3S 9328 1

•3275 .7484426 _ 3C2 . 4

*3300 
7577 1 5 6 - 31..59370

*3325 - ,767 1042 - 3 69259-1

*33 0 -0 
"

77S 0
" 5 - 3 "e ?" !' .3

*3375 - 7862328 - .371 .94J

.3400 - 7959756 - :3.79304 0

0342 _ 80583W' - 3 8 ;" -7 -, J

3475 -82c393

3 4  - " fl, 9 4 6 J 3

- 361070 rC

3525 - 8465267 - .ve 00
3

3SbO - 085701399 -J 5 7 3

3 5'3 S - . 6"63 I04 -1

.3600 - 878,3766 _ E4 ) (L.' LO

.3 25 -
- 4101347

.3650 
090026(,4 - 4 41 CZ71

*3675 - • 9 11412b -7

3700 - .9226 494 -

37 2 5 - .9341149 -4.' IC 1 i'l

3750 - •9456741 - .i 7 7 J ' .J

• 3775 - S957 *3-740 -4 :- 1 It)f,
315 WADC TR 54-279



Tabic 3 (Continued)

(c) - I.ozoof44 3.1Z50

969 2 _ .,4348720

8 .9812021 - .4384621

.3625 - *9933334 442'0666
.350 0 4I4568 55

*3875 - I . 0 0 5 6 q1 - •

3900 - 1 .018038 - ,4493190

,3925 - 1 ,03061- _ . 4529670

.3950 - I .043344 - . 4566298

039"5 - 1 .056226 - ,4603074

,4000 - I .069264 - .4640000

40205 - I 082458 - - 4677075

.4050 - 09581 1 4714301

.4075 - 1 .109324 
,4751679

4100 - 1,122999 
- ,4789210

4125 - 1 .136838 
.4826894

04150 - 1 5084. _ , 4864733

04175 - 1 .165014 
_ 4902723

4200 - 1,179355 - 4940880

*A225 - 1 .193867 - ,4979188

*4250 - 1. 2U85
5 2  - ,5017656

.4275 - 1,223411 - •5056283

*4300 - I .236447 - *b095070

4 3 1 .253616 1 5134018

*4350 
I 1 2 6905G 

5 •17312a

4375 - 1 02846 3 3  . 5212402

*4400 - 1 .300394 
- 5251840

.4425 1- 3 316342 " 529 1442

.4450 - 1 <332477 _ ,5331211

,4475 -1 . 348 03 .5371146

49500 - 1 .365321 - 5411250

.4525 - 1 .382034 - ,545152d

,4550 " 1 .398943 4 54V 1963

4575 - 1 416050 - .9532576

,4600 - 1 43.358 - .5573360

04625 - 1 . 47-0869 - •561 31

, 650 - 1 468584 -
5 -

5 4  0

,467 - - 1 .486507 - 569C750

47.-0 - 1 50' 5 3' . 573.30

4725 5 2 2c 92-

4750 - 1 453S; -

.4775 - 1 56031- 63 72

.4800 - 1 .579303 . 5905920

.4825 - 1 .590514 - 5948290

4850 - 1 .617949 .509 O841

.4875 - 1 62 7608 ,5033574

4 w06 0  
S 574 5 . 6076490

492 1 .677612 - 61 195;a9

4950 - 1 69"7902 - 61 2873

4975 1 "71 e,546 - 6O 4"

5000 - 1 -

WADC TR 54-279 316



Tabie 3 (Continued)

-o2oo0 4 3.1250

5025 " 1 ,760428 062938,13

.5050 1 . 781731 . •6337876
- *638209

5075 - I .803279 - 632091

.5100 - 1 .825074 - 642c,510

.5125 - 1 .8471 19 - .6471113

05150 - 1.869417 - 651S9015

*5175 - I .89 1969 - . 6560897

*5200 1 .914779 - .60 080

5225 1 *37849 , 6651457

*5250 " .961 182 - 06697031

*5275 - 1 .984781 - .6742801

.5300 - 2.008649 - •6788770

,5325 - 2 .032787 - .6834937

5350 - ".057200 - 6881

.5375 - 2 .08 1889 - •6927871

" t4U0 - 2 .10--58 - GV74640

05425 - 2 .132109 - 70 216 1 1

.5450 - 2.157646 - •7068786

.5475 - 2.183471 - '7116165

"5500 - 2 .209567 - .7163750

"5525 - 2 .235998 - .7211540

"5550 - 2.262705 - .725953)

5S75 - 2 .2897 13 - "7307744

5600 - 2 .3 17024 - .7356160

*5625 - 2.344641 - *7404785

.5650 - 2 .372565 - 7453621

*5675 - , .400807 - 7502669-

.5700 - 2.*429362 - 7551930

.5725 - 2 . 45R A735 - 7601404

"5750 - 2 .487431 f 7651093

575- 2.516952 - 7700990

"5800 - 2.546801 - 7751120

.5825 - 2.576982 7-I5

*5850, - 2 .607499 - 785201 0

*5875 - 2 63835d4 - 79027VJ

Vs-!w0 0 - 2 .069550 -7V7 * :r*:

.5925 - 2 .70 1 0O - ev n °no-

5950 - 2 .7 A 2GO 8' - 80c -
,
4 4 0

.5975 - 2 . 76S226 "8 
c 0 1 11!

6000 - 2 .797824 - 8160000

*6025 - 2, 83070.2 - 82 1 :11 i 2

.6050 " d .864102 - 8264 .4 1

6075 - 2 .897788 - 5 -11 70 16

.6100 2. 93184S5 - 836981C

.6125 - 2 .966275 - 84;2 32

.6150 - .3 .001062 - 34 6083

6 177- 3 036271 - 8, 29560

G200 "" 3 .07 1844 - F 58 : -DO

"6225 - 3 . 107805 - 86 7226
317 WADC TR 54-279



Table 3 (Coutinued)

ir) - 1.02004 t4 3.1250

X4 x2

*6250 3 34415ASS Sala4Q

6275 - 3 .18o5n8 _ A7.5820

.6300 - 3 218058 - 6800d70

.6325 - 3 .255611 - s855355

6350 - 3.293572 - 8910478

6375 - 3 .331945 - 8965839

,6400 - 3.370734 - 9021440

6425 - 3.409942 - 9077280

*6450 - 3 449574 - 9133361
,6475 - 34e9634 - 9189684

,65 - 3.530127 - 9246250

.652 - 3.571055 - 9303059
6550 - 3.612423 - 9360113

*6575 - 3.654237 9417490

,6600 - 3 696499 - 9474960

,*6625 - 3 .719214 - 9532753
.6650 - 3..82387 - 9590796

,6675 - 3 .826021 - 9649088

*6700 - 3.870122 4 9707630

,6725 - 3 .914694 - 9766423
,*6750 - :3 .959740 - 9825468
.67'5 - 4 *00526" - 9884767

*6800 - 4 .051278 - 9944320

*6825 - 4 .097777 - 1 .000412

6850 - 4 144770 - 1 .006419

.6875 -4 4 192trl - 1 012451

.6900 4 .240255 - I .0185o9

*6925 - 4 *288756 - 1 .024592

.6950 - 4 .337770 - .030702

.6975 - 4 387301 - 1 036838

7000 - A .437354 - 1 .043000

7025 - 4 . 4 . 7933 - 1 .049 188

7050 - 4 .390
4 5  - 1 055403

*7075 - 4 590693 -- 1 061643

71100 - 4 .6428&3 1.06791

7125 - 4 .695619 - . 074 05

7150 - 4.748908 - 1 .
" O n2

-

7175 - 4 .802753 - 1 086873

7200 - 4 8511 1 - 1 . r 63245

,7225 - 4 .912135 1099649

,7250 - 4 967683 - 1 106078

*7275 - 5 023808 - 1 . 1 53 7

7300 - 5 .'080516 - 2 119017

:732 -- 5 , 117O13 -- 7I 1327

7350 - . 195704 - A1.132C)65

"7375 5 254 194 1- I , 1 - 5 0

7400 - 5 .. 313209 - 1 14522.4
-, I , 1 1 . 8 4,

7450 - 5 . 43331 - 1 , 34')2

WADC TR 54-279 318



Table 3 (Continued)

(c) - 1.o00 31250

Y4 NZ

7475 - 5 494259 - 1 . 1'OG 170

7500 - 5 .555829 1 * 17187.

*7525 - 5 .618032 - 1 *178607

7550 - t*; 680874 - 1 .185368

,7575 - 5 744 10 - 1 * 192158

7600 - 5 .808496 - 1 . 198976

7625 - 5. 873289 - 1 .205822

7650 - 5.938743 - 1 .212697

7675 - 6 .004866 - 1 .219600

7700 - .071663 - 1 .226533

7725 - 6 .139139 - 1 .233494

7750 - 6 .207303 - 1 .240484

7775 - , . 27, 158 - 1 247503

.7800 - 6 .345712 - 1 *254t:t-

7825 - 6 .415970 - 1 .261629

7850 - G .486940 - 1 2 E68736

7875 - 6 .558627 - 1 .27r 873

7900 - 6 .631037 - 1 .28303'

*7925 - &.704178 - 1 . 290231

.7950 - 6 .778056 - 1 . 297459

. 975 - 6 .852676 - 1 *304714

8000 G- . 928047 - 1 *312000

8025 - 7 004 173 -- 1 .319315

8050 - 7 .081063 - 1 . 326660

*8075 - 7 .158722 - 1 .334035

8100 7 .237158 - 1 . 34144 1

8125 - 7 .316377 - 1. *348876

8150 - 7 .396386 - 1 3 35634
-1

,175 - 7 .477192 - 1 .36364 0

8200 7 . 558802 - 1 37 1368

*8225 - 7 .641223 - 1 .378c2t

.8250 - 7 774463 - 1 386 1S

.8275 - 7 .8085!27 - 1 o 3 c)41"-;5

8300 - 7 893423 - 1 .401787

8325 - 7 .979159 - 1 409-46--4

- 5 54' ;1 1 *41 71 G"

.8:-s75 8 .1S317- - 1 .424927

8400 8 .24 1 47' - i .*43.70 4

8425 - 8 .330645 1 .44051 1

.5450 - 8 .420688 - 1 .448351

8475 a- 8 511616 - ! 4562.2;

8500 - b .60435 - 1 •4=;1(

81525 - . 690153 - 1 .4 720S,9

*8550 8 789777 - 1 .480026

857,7 - 8 .88431- - 1 .48 )2 -I

8600 - 8 .979778 - 1 .4960,
,

8625 9 .076 17n - 1 .15041 19

8650 " 9 .173499 - 1 51 214

8675 - 9.271775 - I .520 42
311 WADC TR 54-Z79



Table 3 (Continued)

ic) - 1.02004 3.1250

x 4  
x

b 700 - 9 .3710 .
"
-04 - 1 52850

8725 - 9 471196 - ' e536696

8750 - £ 572358 - I . 544921

•8775 - 9 .674498 - 1 .553130

8800 - 9 .777625 - 1 .561472

8825 - 9 .881747 - 569796

.8850 .- 9 98687Z - 1 *57C.1-,4

.8875 - 10 .09300 - 1 .586544

.8900 - 10 .20016 - 1 .594969

8925 - 10 .30835 - 1 .603426

8950 - 10 *41757 - 1 .611917

.8975 - 10 .52784 - . 620441

9000 - 10 .63916 - 1 •629000

9 0 25 - 10 • 75155 - 1 .637591

Q050 - 10.86501 - 1 .646217

%07 - 10 .9795 - 1 .654877

.9100 - 11 .09518 - 1 .6635 71

9 125 - 1 1 .21190 - i 672298

9 150 - 1 1 .32974 - 1 .681060

.9175 - 11 .44869 - 1 .68W857

.9200 - 1 1 . 56877 -- 1 .698688

.9225 - I 1 68999 - 1 .70'553

9250 - 11 .81235 - I 716453

.9275 - 1 1 .93587 - . 725387

.9300 - 1 2 .06054 - 1 .734357

932 - 1 2 .18640 - 1 .743361

.9350 - 1 2 .3 1343 - 1 752400

.9375 - 12 .44166 - 1 .761474

.9400 - 12.57109 - . 770584

.9425 -- 1;,. . 70173 - 1 .779728

,9450 - 1 2 *8 33 5- 1 .788908

9475 - 1 2 66,8 - 1 .798 124

9500 - 13 .10102 - . 807375

.9525 - 1 3 .23660 - 1 ,*816661

95 0 - 1 3 j-7345 -. 1 ,8P59P-,

.9575 - 13 *5 11 f I :-! '- 4,A -1

9600 - 13 .65097 - 1*06%473
6

S-25 - 1 3 791 67 - V 54166

*9650 - 1 3 .93366 - 1 863632

.9675 - 14.07697 - 1 .873134

.9700 - 1 4 .221 60 1 .882673

9725 - 1 4 .36757 - 1 .892247

97.0 - 14 51468 -. I 901859

977 T. - 14 .66355 I - 1 .911507

9800 - 14 .81358 - 1 .921192

9825 - 14 SP 64)9 - 1 0 30913

Q A-50 - 1 5 1 1 778 - 1 V4067 1

s 8 7 - 1 5 27 1 , - 1 , 504 rf.

"V900 -- i.42758 - 1 .9C0299

WADC TR 54-279 32O



Table 3 (Continued)

(c) - 1.l000 3. 1250

*9925 - 1 5 .58461 - 1 *970168

*9950 - 1 5 74306 - 1 : 86 0074

.9975 - 1 5 .90296 - 1 V *D0018

1 *0000 - 16 .06432 - 2.000000

1 .0025 - 1G .22714 - 2 .010018

1 .0050 16 .39143 - 2 .020075

1 0075 - 1G.55722 - 2.030IC9

1 *0100 - 1 6 . 7245 C - 2 .040301

1 0125 - 16.89"330 - 2.050470

I *0150 - 1 7 .06362 - 2 .060678

1 0175 - 17 .23548 - 2 , Qn924

1 .0200 - 1 7 .40888 - 2 .081208

1 .0225 - 17 .58385 - 2 .091530

1 .0250 - 17 .76038 - 2 . 101890

1 0275 - 17.93850 - 2.112289

1 .0300 - 1d3 .11822 - 2 122727

1 .0325 - 18 .29954 - 2 *133203

i.0350 - 18 .48248 - 2. 143717

1 0375 - 18.66706 - 2.154271

1 .0400 - 1 8 85J28 - 2. 104564

1 0425 - 19 .041 16 - 2 175495

1 0.450 - 19 .230 71 - 2. 186166

1 0475 - 19 42194 - 2. 196875

1.0500 - 1 .61487 - 2 .20762!

1 0525 - 19 *80950 - 2 .218413

1 .0550 - 20 . 0 05A6 - 2 . 229241

1 0575 - 20 20:396 - 2 ,24U10b

1 .0600 20.40380 - 2 .251016

1 .0625 - 20 ,60540 - 2 .261962

1 ,ji50 - 20 .80078 - 2 .272949

1 .0675 - 2" , 01394 - 2 .283976

1 0700 - 21 *2?091 - 2 .295043

1 .0725 - 21 .2969 - 2 .306149

1 0750 - 21 .640-0 - 2 .317296

1.0775 - 21 .85275 - 2 .328484

1 .0800 - 22 01704 - 2, 3Z.7 1 2

1 *08,5 - 22 28324 - 2 3n-0980

1 .0850 - 22 501 3- - 2 3 f.* 2289

1 .0875 - ; . 72 2 - 2 .373638

*0900 -" 22 .94313 *- 2 , .J 50a 29

I 092r- - 23 * 1 692 - 2 . 396460

1 0950 - .3 .39266 - 2 .407932

1 .0975 - 23 .62035 2 .419445

1 1000 - 23 .85001 - 2 .431000

1 1025 - 24.08165 - 2.442595

1 1050 - 24 .315'9 - 2 .45- 4232

I 10" VJ - 24 . 5S095 - 2 *46591 1

1.1100 - 24.78863 - 2.477631

1 1 125 - 2 -. .02835 - 2 . 4 * 9j9 "

321 WADC TR 54-279



Table 3 (Cotinued)

fe) - 1.0200 &< 3.125o

X4 
XI

1.1150 - 25 .27013 - 2.501195

1 1175 - 25 .51399 - 2 .513040

1 1200 - 25 .759S)3 - 2 .524928

1 '1225 - 26 .00797 2 .536657

1 1250 - 26 .25013- 2 .548628

1 1275 - 26 .51043 - 2 .560641

•1 1300 - 26 . 76487 - 2 .. 57 241W9I

i 1325 - 27 .0214 - 2 .597 135

1 *1350 - 27 *28027 - 2 .609318

1 1371 - 27 .54125 - 2 .62 1

1 .1400 - 27.80445 - 2.$62154

1 1425 - 28 .06957 - 2 *633812

1 1450 - 28 .33754 - 2 .646123

6974-2.*658477
1 147S 28 .69747 - 2 .670475

1 1500 - 28 .87967 2 . 870615

1 1525 - 29 .15417 - 2 .69579a

1 1550 - 29 .43097 - 2 7 0842t

1 1575 - 29 .71010 - 2 .720896

1 1600 - 29 .99158 - 2 .*733509

1 1625 - 30 .27541 - 2 *746109

1 650 - 30 .56161 
2 .746167

1 1675 - 30 8-021 2 *758868

1 1700 - 31 .14122 - 2 .771613

1 1725 - j 1 .43465 - 2 784401

1 1750 - 31 .73052 - 2 .797234

1 1775 - 3 2 .0288b - 2 .610111

1 1800 - 32 .329%0 - 2 .823032

1 a 25 - 32 .63299 - 2 .835997

1 18'0 - 32 .93881 - 2.849006

1 1875 - 33 224716 - 2.862060

1 *1900 - 33 .55806 - 2 .875139

1 1925 - 33 .87153 - 2 .888302

1 1950 - 34 . 1758 .2, 149

1975 - 34 .5624- 2.914722

1 2000 - 34 -751 - 2 926000

1.2025 - 35 15"143 2 .941322
1 .2050 - 3' , 4" 77U9 - . vs, ASVTC
1.205 35 .- 2 .9fSP 102

210 0. 0 1 2 . 9 1561

1 .2100 - 36 13918 2 .995064

1 .212 "; - 36 .47383 - 00613

1 21S0 - 36 .81121 3.022207

. .2175 - 3 1 15134 - 3 02220

1 2200 - 37 :49424 - -. 0 584

1 .2225 - 37 839 9 - 3 .049533

1 . 2250 - 3 8 0 18 43 - . 063265

1 .2275 - ,: .3975 3•077042

1 .2300 O W8 ,59392 - 3 .0 40P6b
1 .2325 -" 39 , 250 C - 3 I. 1O4 b

1 2350 - ,61087 - 3,118652

WAIDC TR 54-279 322



Table 3 (Continued)

(c) - I AM 4 3.l150

X4 x&

1 .2375 - 39.97370 - 3 . 132615
1 .2400 - 40 .33945 - 3 . 146624
1 .2425 - 40 .70814 - 3. 100679
1 .2450 - 41 .07979 - - . 174781
1 .2475 - 4 1 .45443 - 3 . 188929
1.2500 - 41.%3208 - 3 . 203125
1.2525 - 42.21275 - ? .217367
I " s50 - 42 . 59646 - 3 .231656
1 .2575 - 42 .9832A - 3 .245992
1 .2600 - 43 .37311 - 3 .260376
1 .2625 - 43 .70ib09 - 3.274806
1.2650 - 44 16. 1 9 - 3 . 2 ̂ .9 284
1.2675 - 44.56144 - 3.303810
1.2700 - 44.96386 - Z3 .318383
1 . 2 45 .36948 - 3 .33.003
1 .2750 4 ; .*77830 - .3 .347671
1 .2775 - 4F. *1C037 - 3.362307
1 .2800 - 46 . b0 5 t8 - 3 .377152
1 .*2,A2 S - 17 .02428 - 3 .391964
1 .2850 - 47.44617 - 3 .4"6024
1.2875 - 47 .871-38 - 3.421732
1 .2WO0 - 48 . 2999 4 - 3 .436689
1.2925 - 48.73186 - 3 * 451693
1 .2950 - 49 . 16717 - 3 .466747
1 .2975 - 49 .60589 - 3 .48 1849
S,3000 - 50 .04804 - 3 . 497000

1 .302% - 50 .493f;5 - 3.512199
1.3050 - 50.94273 - 3.527447
1 .3075 - 51 .39532 - 3 .542741
1 .3100 - 51 .85143 - 3 .358091
1 .3125 - 52.31108 - 3.573486
1 .3150 - 52 .77430 - 3 ,588930
1 .3175 m 3 2-0 112 - 3 .604424
1.3200 - 53,71155 - 3.619966
i . 3225 - 54 . 18562 - 3 .635560
1 .,350 - 54 .66336 - 3 .651203
1 . 327b - 55 .14470 - 3 . 6k6K95
1 ."4"400 55 ,62 91 3 .63637
1 .3325 - 56 ,11818 - . A;9. t428
1 .3350 - 56,61141 3.714270
1 .3375 - .7 .10782 - 3 .730162
' .3400 5- S7 .60804 - 3 .74610--
1 .3425 - 38 .11200 3 .762096
I .3450 - 58., ,b o00 3 . 7"*?8138
1 , 347 - 59 .13179 3 .7 E.4 231
1 ,.44500 - 5V .64745 .5' .810375
I .3525 - 60 ,11,7 1 3 . 8:2'
1 3% 0 - 60 ,sco59 3 .8428 13

335 1 *2 1 A2 0 3 . L4-190
323 WADC 'TR 54-279



Table 3 (Continued)

(c) - .0Z00 X 3.1250

X 4  xZ

1 .3600 - 61 .74983 - 3 .875456

I .3625 - 62.28544 - 3 .891853

1 .3650 - 62 .82510 - 3 .908302

1 .3675 - 63 .36885 - 3.*24801

1 .3700 - 63 .91671 - 3 .941353

1 .3725 - 64 .468 70 - 3 ..9 7955

1 .3750 - 65.02486 - 3 .97,.6O

1 .3775 - 5.58520 - 3 .99 131I

1 .3800 - 66. 14976 - 4 .008072

1 .3825 - 66.71856 - 4 .024880

1 .3850 - 67 .29163 - 4 . 041"741

I 3875 - 6 .86900 - 4 .058654

1 3900 - 68 .45068 - 4 .07-5619

1 .3925 - 69 .03672 - 4 .092635

1 .3250 - 69 .62713 - 4.1.09704

1 .3975 - 70 .22194 - 4 . I2682A

1 .4000 - 70 .821 19 - 4 . 144000

1 .4025 - 71 .42489 - 4 . 161226

1 .4050 - 72 .C33 08 - 4 . 178505

1 .4075 - 72 .64 578 - 4.195836

9 .4100 - 73 .26303 - 4 .213221

1 .4125 - 7r3 ..ra40,5 - 4 .230658

1 .4150 - 74 .5116 - 4 .248148

1 .4175 - 75 .14230 - 4 .265691

1 .4200 - 75 .7700 - 4 .283288

1 .4225 - 76,41838 - 4 300937

1 .4250 - 77 ,0834 7 - 4 .318640

1.4275 - 77.71331 - 4.336397

1 .4300 - 78 .36792 - 4 .354207

1 .4325 - 79 .02732 - 4 .377070

1 .4350 - 79 .69156 - 4 .389987

1 .4375 - 80 38065 - 4 .407958

1 .4400 - 81 .03464 - 4 .425984

1 .4425 - 81 .71354 - 4. 444063

1 .4450 - 52 . 3973Q - 4 .4621.6

1 .4,75 - 83 ,08E22 - A .3 0383

1 .4500 - 83 .7800O - 4 .*0862"

1 .4525 - 84 *478 .' A - 4 . I 1692C

1.4550 - 85.18289 - 4.535271

I 457 5 - 8-5 ,sQ 193 - 4 . . 'F.76

1 .600 - ,6.60611 - 4,57213e

1 .4625 - 87 *32545 - 4 .590650

I .4650 A .04999 - 4 .600219

1 . 4 ?r  
- 88 .77975 - 4 .027043

1 ,4"00 - 89 .5147 -- 4 .646523

1 .47. - 90 .25506 - 4 .e6652-7

I 4790 - 91 ,00068 - 4 .684046

1 .47 - " 91 .7516S - 4 702891
1 .480U - 2 .SO801 - 4 ,7217,2
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Table 3 (Continued)

(c) - 1.o0O -- 3.e150

X4  x1
1 .4825 - 93 .26978 - 4 .740747

1 .4850 - 94 .03700 - 4 .759759

1 4675 - 94 .80969 - 4 .778826

1 .4900 - ,5 .S8790 - 4 .797949

1 .4925 - 96 .37166 - 4 .817127

1 .4950 -. 97 .16099 - 4 .836362

1 .4975 - 97 .95593 - 4 .855G5.'

1 .5000 - 98 .75652 - 4 .875000

1 .5025 - 99 .S6278 - 4 .894403

1 .505o - 100 .3747 - 4 .913862

1 .5075 - 101 .1924 - 4 .933378

1 .5100 - 102 .0159 - 4 .952951

1 .5125 - 102 .8452 - 4 .97258o

1 .5150 - 103 .6804 - 4 .992265

I .5175 - 104 .5214 - 5 .012008

1 .5200 - 105 .3684 - 5 .031808

1 .5225 - "06 .2213 - 5 .051664

1 .5250 - 107 .0802 - 5.071578

1 .5275 - 107 .9451 - 5 .091548

1 .5300 - 108 ,8160 - 5 ,1 11 577

I *5325 - 109 .693"1 - 5 . 131662

1.5350 - 110 5763 - 5 . 151805

1 .'3Y5 - -" 1 .4656 - 5 172005

1 .5400 - 112 .3611 - 0. 192264

1 .5425 - 113.2629 - 5.212579

1.5450 - 114 .1"09 - 5 .232953

1 .547S 115 .0853 - 5 .253385

g .5500 - 116 .0059 - 5 .273875

1 .5525 - 11 9330 - 5 .294422

1 05550 - 117 ,8665 - 5.31.5028

1.5575 - 11 oO%4 - 5.335693

1 5600 - 1 19 . "7U.28 - 5 .356416

1 .562 5 - 120 .7057 - 5 , 377197

1 .5650 - 121 .6652 - 5. 386037

1.*5675 - 122 .G313 - 5 .418935

1 .5700 - 12 M .6040 - 5 *439P:03
1 .5725 - 124 , 834 - 5 .- 60909

,57,0 - 1 73 .5695 - ,40 1084

1v .5775 - 126 .5624 - 5 . . 03 i 0

1 ,5800 - 127 ,5620 .. 5 .524312
1 .5825 - 1 2A 5e.85 - 5 *45564

1 .15850 - 1:.9 .581 - 5 .*566876

1 . 5'375 - 130 .60.' 1 - 5 .*580248

.,5900 - 131 .6293 - 5 . 60S'..79

1 .5925 .- 132 .6035 - b.631169

I 5950 - a.-v3 .7047 - 5 , 6Z27 19

I 075 - 134 .7853U - 5 .*67 13 I'P

.6000 - 135 ,.8083 ! .896000

1 C025 - 1 . S708 5. .71"7730
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Table 3 (Continued)

(c) .- 1.2oo 3.1z50

X4  
'. I

1 .6050 - 137 .9405 - 5 .739-'20

1 .6075 - 139 .0174 - 5 . 761370

1 .6100 - 140 .1016 - 5 .783201

1 .6125 - 141 .1931 - 5 .005251

1 .6150 - 142 .2919 - 5 .827283

1 6175 - 143 .3981 - 5 ,849375

1 6200 - 144 .51 18 - 5 . 87 1 C;28

I , S* 125 - 145 .6328 - 5 .893741

1 .6250 - 146 .7615 - 5. 916015

1 6275 - 147 .8976 - 5 .938350

1 .6300 - 149 .0414 - . 960747

1 .6325 - 150 .1927 - 5 . 9 A 3204

1 .6350 - 151 .3518 - 6 .005722

1 6375 - 152 •51P6 - 6.028302

1 .6400 - 1 53 .6931 - 6 .0509.14

1 .f425 - 154 .8754 - 6 .073646

1 .6450 - 156 .0656 - 6 .09641 1

1 .6475 - 157 .2637 - 6 . 119237

1 6500 - 158 .4697 .- 6.142125

1 .6525 - 159 .6837 - 6 . 165074

1 6550 - 60 .9057 - 6 * 18#086

1.6575 - 162.1357 - 6.211160

1 *6600 - 163 . 3739 - 6 .234296

1 .662.5 - 164 .6202 - 6 .2S7494

1 6650 - 165. 8747 - c •280754

1 6675 - 167 .1375 - 6 .304077

1 6700 - 168 .4085 - 6 .327463

1 .6725 - 169 .6 E 79 - 6 . 350V1 1

1 .6750 - 170.9756 - 6.374421

1 .6775 - 1 72 .27 18 - 9 379-5

1 6800 - 173 .5764 - 6. 421632

1 .6825 - 1 74 . 8896 - 6 .445331

1 .6850 - 176.,;113 - 6.469094

1 .687Z - 177 ,.416 - 6 . 492. D19

'1 .6900 - 178 .8805 - 6 .5 6809

1 .6925 - 18C .2281 -- 6 .540761

1 .6950 - 1 .1.5845 - 6 .564777

1 6975 - I82 * 497 - 6. F tO856

1 .7000 - 1,A. 4 '.A7 - 6 .61300%;p

1 .7025 - 185 .7066 - 6 . 1 720 c;

1 7050 - 187 ,0984 - 6 .661477

1.7075 - 188 .4992 - 6 .685812

1 .7100 - 189 .9090 - 6 . 710 11

1 . 1125 - 19 1 .3279 -. 6 ,734673

1 *71S50 I1w ..7560 - f% ,750200

S .7 17-, - 194 . 1932 - 6 . 7 S 37 ').2

1 .7200 -, -05 *63116 - 6 .808448

1 .7225 - 197 .0 95? - 6 .833166

1 .7250 - 198 ,t60. - 6 .857953
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Table 3 (Continued)
(c) - 1.0Z,00 4 A; 3.1250

X4 X2
1 .7275 - 200 .0346 - 6 .882802
1 .7300 - 20 1 .5184 - 6 .t07717
1.7325 - 201 .0116 - 6 .932696
1.7350 - 204 .5144 - 6 .957740
1 .7375 - 206 .0267 - 6.982849
1 .7400 - 207 .5486 - 7.008024
1 .7425 - 209 .0802 - 7 .0332CL
1 .7450 - 210 .6215 - 7 .058568
1 .7475 - 21 2 .1726 - 7 .083939
I .7500 - 213 .7335 - 7 .109375
1 .7b25 - 215. 3042 - 7 . 134876
1 .7550 - 216.8849 - 7.160443
1 .7575 - 218 .4756 - 7.186076
I .7600 - 220 .0762 - 7 .211776
1 ."7 25 - 221 .6870 - 7 .237541
1 .7650 - 223 .307S, - 7 .263372
1 .7675 224 .9389 - 7 .2S9269
1.7700 - 226 .5802 - 7.315233
1 .7725 - 228 .2318 - 7 .341262
1 .7750 - 229 .8937 - 7 .367359
1 . 775 - 231 .5660 - 7 .393522
1 .7800 - 233 .2487 - 7 .419752
1 .7825 - 234 .9420 - 7 .446048
1 .7850 - 236 ,6458 - 7.472411
1.7875 - 238 .3602 - 7.498841
1 .7900 - 240 .0852 - 7 .525339
1 .7925 241 .8210 - 7.551903
1 .7950 - 243 .5676 - 7 .578534
1 .7975 - 245 .3249 - 7 .605233
1 .3000 - 247 .0932 " 7 .632000
1 .8025 - 248 .8724 - 7.658833
1 ,8050 - 250 .6625 - 7.685735
,.8075 - 252 .4t38 - 7 .712704

1 .6100 - 254 .2761 - 7 .739741
1 .8125 - 256 .0996 - 7 .766845
1 .8150 - 257.9343 - 7 .794018
1 .8175 - 259. 7802 - 7 .821259
1 .8200 - 261 .6375 - 7 . 84tI.SC;&
1 .8225 - 263 .5062 - 7 .875945
1 ,250 - 265. 3863 7 .903390
1 .8275 - 267 .2780 - 7.930904
1. 8300 - 2 6.1 .1812 - 7.958487
1 .8325 - 271 .0960 -7 9 8G1 38
I .0350 - 273 .0224 8 .0 34%S7
1 .83715 - 274.9607 8.041646
1 .8400 - 2 7- .9107 a .08.9504
1 .8425 - 278 .8725 8 . 09'7430
1 .08450 280 .8463 - . 125426
1 .8475 -. 282 .8320 8 . 153490
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Table 3 (Continued)

(c) - .ozo0 3.,1250

1 .8500 - 284 .8298 - 5 . 18 15,2--
1 .8525 -" 286 .8396 - 8 . 209828

1 .8550 - 288 .86 1 6 - 8 .238101
1 .8575 - 290 .8958 - "8 . 26644:i
1 .8600 - 292 .9423 - 8 .294856
1 .t625 - 295 .001 1 - 8 .323337

1.8650 - 297 ,0723 - 8 .351889
1 .8675 299 .1560 - 8 .380511
1 .8700 - 30 1 .2521 - 8 .409203
1 .8725 - 303 .3609 - 8 .437964
1 .8750 - 305 . 4822 - 8 * 46 A- 7 96
1 .877s - 307 .6163 - 8 .495699

1 .8800 - 309 .7632 - 8 .524672
1.8825 - 311 .9228 - 8 .553715.
1.8850 - 314 .0954 - 8 .582829
1 .8875 - 316 .2b09 - 8 .612013
1 .8900 - 318 .4794 - e . 6-.4 '69
1 .0925 - 320 .6910 - 8 .670595

1 .8950 - 322 .9157 - 8 . 699992
1 .8975 - 325 .1537 - 8 .729460

1.9000 - 327.4049 - 8 .7590,U
1 .*025 - 329 .6694 - 8.788610
1 .9050 - 331 .9473 - 8 . 8182S)2
1 .9075 - 334 ,2.-4 7 - 8 ,848046
1 .9100 - 336 ,5437 - 8 .877871
1 .9125 - 338 .8622 - 8 .907767

1 .9150 - 341 , 1944 - 8 .*q37735
1 .9175 343 .54C3 - 8 .967775
1 .9200 - 345 .9000 - 8 .997888

9 .9225 - 348 .2736 - 9 . 018072
1.9250 - 350 ,6610 - 9.058328
1.9275 - 353 .0625 - 9.088656

1.9300 - 355.4"80 - 9.119057
1 .9325 - 3 S 7 .9077 - 9 , 149529
1 9350 - 360 .3516 - 9 , 150075
1 .9375 - 3 2 ,8097 - 9 .210693
1 .9400 - 365 .2821 - 9 .241.-,Mi4

1 9425 - 367 .7 b!#.Q - 9 .272147
1 .9450 - 370 .27(J3 - 9 .302983
1 .9'475 - 372 . 78f 1 - 9 . 3-3P0 2

" .9500 -. 7 316 9 .:364875
1 OS-25 - 377 .*E617 - 9 .395930
1 .9550 - 3'.0 .4216 - 9 . 42702
I .575 - 3 31 ) ,3 - 9 * 5 260
1 ,9600 - 385 58 t) b 9 .I .tc53A
1 .9625 - 308 1904 - t .9 20884
1 VasZso - 3 r,0 G00O9 - . 5S;,'3 0 7
1 ,967S - 393 ,.4 46 - S; . 58380-3

1 .*;700 - 396 .0944 - , -
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Table 3 (Continued)

Wc - 1.0200 3. lz2 o

X4  X2
1 .97-5 - 398 .7594 - 9.647016
1 .9750 - 40 1 .4398 - 9 . f78734
1 .9775 - 404 . 1355 - 9 .710526
1 .*)800 - 406 .8467 - 9 . 742392
s .9625 - 409 .5734 - 9 .774332
I : 48!Q - 41 *. .31-58 - 9 ,806346
1 .9875 - 41 5 .0738 - 9 . 8384 35
1 .9900 - 417 .8475 - 9 .870599
1 .9925 - 420 ,6371 - 9 .902837
1.9950 - 423.4425 - 9 .9T5140
1 .9975 -- 426 .2640 - 9 .967537
2 . 0000' - 429 .1014 -10 .00000
2 .0025 - 431 .9550 -10 .03253
2 0050 - 434,8248 -10.06515
2 .0075 - 437 .7108 -10 .09783
2.0100 - 440.6132 -1C 13060
2 .0125 - 443 5320 -10 . 16343
2.0150 - 446.4673 -10.19635

S2 .0175 - 449 .4191 -10 . 22934
2 .0200 452 ,3876 -10 .26240
2 .0225 - 455 ,3728 -10 . 29554
?.0250 - 458 ,3749 -10 .32876
2 20275 - e61 .3938 -10. 36205
2 ,0300 - 464 .4296 -10 ,39542
2.0325 - 467,4825 -10.42t687
2 .03.50 - 470 .5525 -10 .46239
2.0375 - 473 ,6397 -10 ,49599
2 0400 - 476 .7441 -10 ,52966
2 ,0425 - 479 ,8659 -10 .56341
2 ,0450 - 403 ,0051 -10 .5972.4
2 .0475 - 486 ,1619 -10 .63114
2 .0500 - 489 .7362 -1 0 ,66S12
2 ,0525 - 492 ,5281 -10 . e.99 18
2 ,0550 - 495 ,7378 - 10 ,73331
2 .0575 - 498 .9654 -10 . 76-752
2,0600 - 502,2108 -10.0 "1'i
2 ,0625 - 505 ,4742 -10 . 5 361A
2.06SO - 508.7557 -10,87062
2 .0675 - 512 .05:4 -10 ,905 14
2 .0700 - 515 .3732 10 .93074
2.0725 - 518,7094 10.97441
2.0750 - 522 ,0640 - 11 . 009 1 f
2,0775 - =25.4371 -11 .04400
.,0800 - F128,8287 -11 .07A91
2 ,0825 - 532 ,2389 -11 . 11389
2 .08550 -! 35 .6679 - . 14896
2 , 08"75 - -'39 ,11 7 -I1 . e 410
2 ,0900 - 542 .5824 -1 1 .21932
2 . 0se'o 54f .06 1 -1 1 . 2 o4 6 2
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Table 3 (Continued)
(c) - 1.200, 3.1250

x 4  x 2

2.0950 - 349 .5729 -11 .29000
2.0975 - 553 0958 -11 .32546
2.1000 - ,56 .6399 -1 .36100
2.1025 - 560 .2021 -11 .3D 61
2 1050 - 563 .7842 - 11 .43230
Z 1075 - 567 .3856 - 1 1 .46807
2 .1100 - 571 .0065 - 11 .50393
2 1125 - 574 .6471 - 11 . 53 DC 6
2.1150 - 578 .3075 -11 .57587
2 . 1175 - 581.9877 -11.61195
2 .1200 - 585 .6878 - 1 1 .64812
2 .122 - 589 .4079 - 1 1 .68437
2.1250 - 593.1482 -11 .72070
2.1275 - 596 .9086 -11 .75711
2 1300 - 600 ,6894 - 1 .79359
2 1325 - 604 .4905 - 11 .83016
2 1350 - 608 .3120 - 1 1 .86681
2.1375 - 612 .1541 -11 .90353
2 . 1400 - 616 .0169 - 1 1 .94034
2 .1425 - 619 .9004 -11 .97723
2.1450 - 623,8047 -12.01419

2.1475 - 627,7299 -12.05124
2.1500 - 631 .6761 -12.08837
2 . 1525 - 635 ,6434 -12 . 12558
2.1550 - 639 .6319 -12.16287
2 . 1575 - 643 ,6417 -12 .20024
2.1600 - 647.6729 -12.23769
2 . 1625 - 651 .7P 55 -12 ,27522
2.1650 - 655,7997 -12.31284
2.1675 - 659.8955 -12.35053
2.1700 - 664.0131 -12.38831
2. 1725 - 668 .1525 -12 .42617
2.1750 - 672, 138 -12.46410
2.1775 - 676.4972 -12.50212
2 1800 - 680 7027 -12 .54023
2 1825 - 684.9304 -12 .57841
2 ,-850 - 689 . 1804 -12 .6105,68
2 . 1875 - f93 .45PS -12 6 550;e
2 1900 - 97 .7478 -12 6 V345
2 .192 - f U 2 . 06Sn - 12 73197
2 1950 706 ,4056 ,12 77056
2 191 5 - / 10 ,7687 - 2 ,80924
2 .200 - 71 5 ,1546 -12 . 8A So
2 .2025 - 719 . To3r - 1 ? . 88684
2 .205' - 723 .!P -9 1 . 9 2 57C
2 .2075 - 728 .45O8 -12 .96,177
2 ,2100 - 732 ,9202 - ' 3 . 00386
2 ,2125 - 737 .431 1 -13 .04303
2 ,2150 - 74 1 .95(.,- -13 , 0 A 28
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Table 3 (Continued)

* (c) - 1.0200 3.1250

X4 X2

2,2175 - 746 .5054 -1:3.12162

2 .2200 - 751 .0781 - 13 . I C 104

2 . 2225 - 755 .6745 -'13 .20055

2 .2250 - 7 0 2948, -13 .24014

2 ,2275 - 7 G4 .93cV 0 -13 .27981

2 .2300 - 769 .b0-7"4 -13 ,3195

2 ,2325 - 774 *3000 -- 3 . 3!-,9AO

2 .2350 - 779 .0168 -13 . 3 o 9

2.2375 - 703.7581 -13.4"3933

2.2400 - 788.5238 -13.47942

2.2425 - 793.3142 -13 . 51959

2.2450 - 798 .1292 -13 .559-%5

2.2475 - 802 .9690 -13 .60019

2 .2500 - 807 .8338 -13 .. 6,40 ",2

2 ,2525 - 812 .7236 -IL3 .6V 1 13

2 .2550 - 17 .6385 -13 .72173

2 .2575 - 822 .5 7 6 -13 .76241

2, 2600 - 827 ,5440 -13 .a0 3 1 7

2.2625 - 832.5349 -13 .a4402

2 .2650 - 837 .5513 -13 .88495

2 .2675 - 842 .5933 -13. w 2597

2 .2700 - 847 .6611 -13 ,9 c 70a

2 .2725 - 852 .754 8 -14 .00527

2 .2750 - 857 .1744 -14 .04954

2 .2775 - 863 .0202 - 14 .0S)090

2.2800 - 868,1920 -14 13225

2 .2825 - 8 73 .3902 -14 17308

2.2850 - 878.6148 -14 .21!.49

2 .2875 - 883 .8659 -14 . 25 720

2 .2900 - 889 .1436 - 14 . 2.L%8)

2.2925 - 894.4480 -14 .340036

2 .2950 - 599 .7793 -14 , 3* S

2.2975 - 90S,137- -14 .42d286

2 .3000 - 910 .5228 -1 *. 4 700

.3025 - 91 5 .9352 -14 . 509 2 1

2 .3,J50 - 921 .3749 -. 14 .

2, 3075 - 926 .8,20 -14 . r- 91

2 .3100 - 932 . J.366 - 14 . ,363S

2 .3125 - 0 3 7 .8588 -14 . 6" Y .C3SD

2 3150 - 943,4088 .14,12160

2 .3175 - 945 ,9860 -1 4 7 t: 434

2, 3200 - 9r-4 .*59 , -- 14 80 71 6

2 .322S ) r-c 0 .22 l 14 . 000 1

S2 . 3250 - t5 ari 1 .. ld '-. 307

2 .3275 - 971 .5704 -14 .93b1G

3.0 0 7 7 .2f7 1 . S- ;: 3

2,3 3 - 9p3 .044 4 4 6025S

2, j3 2 -0 g88 ,8202 -15 ,0 ,'E 4

.3375 - S94 . f 4' -1 ' 1AY 0 Y V.
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Table 3 (Continued)

(c) -. 1.02004 g&. 3.1250

x4  xz

2 .3400 -1000 .458 -15 . 1529n

2.3425 -1006 .320 -15 .19651

2 .3450 -1012.212 -15 .24021

2 .3475 -1018 133 -15 .28400

2 .3500 -1024 .083 -15 .32787
2 .3525 - 1030 .063 -15 .37 183

2.3550 -1036.072 -15.41588

2.3575 -1042.111 -15 . 46")02
2 ,3600 -1048 179 -15 .50425

2 ,3625 -1054 .278 -15 ,54857

2 .3650 -1060 .407 -- 15 .5929";

2 .3675 -1066 .566 -15 ,63747

2 ,3700 -1072 755 -15 . C0205

2,3725 -1078.975 -15.72672

2 .3750 -1085 .225 -15 .77 148

2 .3775 I OQ 1 .505 -15 .81633

2 . 3800 -1097 ,817 -15 .86127

2 .3825 -1104 .160 -15 .90629

2 ,3850 -1110 533 -15 ,95141

2 ,3875 -1116 ,938 -15 .S9662

2 .3900 -123 .374 -16 ,04191

2,3925 -1129.841 -16.08730

2.39 0 -1136.340 -16.13277

2,3975 -1142.870 -16.17034

2 4000 -1149 .433 -16 .22400

2 .4025 - 1156 ,027 -16 .26974

2 .4050 - 1162 ,653 -16 . 31 Z;58

2.4075 -1169.311 -16.36150

2 ,4100 - 1176 ,00; -16 .40752

2,4125. -1182,725 -16,45362

2,4150 -1169,480 -16.49982

2 ,4175 - 1196 .269 -16 ,54611

2 .4200 -1203 .09.0 -16 .59248

2 .4225 - 1209 ,9 44 -16 .63895

2 .4250 -1216 .631 -16 .68551

2 .4275 - 1223 751 -16 . 73216

2 ,4300 - 1230.704 -16 ,77890

2.4325 -123 7 .691 -16 , 82 "'f 3

2 4390 -1244 .711 -16 .87266

2 ,4375 - 1251 ,765 16 . 9 i 67

2.4400 -1258,853 -16 ,.6678

2 ,442 5 -1265 ,975 - 7 ,01398
2 ,4450 -1273 . 131 - 7 ,06127

2 ,4475 -1260 ,321 -17 , 10803

2.A-;00 -1287.546 -17.15612

2 , 4t25 -1294,80. -17.20368

2 ,4350 "130 2 .098 -17 .25134
4 -130,427 -1 , 29909

V ,4600 -1 3116 , 790 -1 .34693
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Table 3 (Continued)

Wc -. 0?OO. 4 3. 1250

x4 Xz

2.4625 -1324,18A -17.-9486
2 .4650 -1331 .622 -17 .44280
2.4675 -1339.090 -17.49101
2 .4700 -1346 .594 -17 .53922
2 .4725 -1354 .134 -17 .58752
2 .4750 -1361 ,709 - 1 7? .63592
2.4775 ...1369 .321 -17.68441
2.4800 -1376,968 -17.73299
2 .4825 -1384 ,651 -17 .78166
2.4830 -1392,371 -17.83043
2 .4675 -1400 ,127 -17 .87929
2 .4900 -1407 .919 -17 .92824
2.4925 -1415,748 -17.97729
2.4950 -1423.614 -18.02643
2 ,4975 - 1431 ,S 1 7 -18 .07567
2 ,5000 -1439 .457 -18 .12500
2 .5025 -1447 .434 -18 *17442
2 .5050 -1455 .448 -18 ,22393
2 .5075 -1463 .* 00 -18 .27354
2 .5100 -1471 .590 -18 .32325
2.5125 -1479.717 -18.37304
2,5150 -1487,883 -18,42294

" 2.5175 -1496,086 -18.47292
2 .5200 -1504 .328 -18 ,52300
2.5'2-5 -1512,608 -18.57318
2,5250 -1520.927 -18,62345
2 .5275 - -329 ,264 -18 .037381
2 .5300 -1537 ,680 -18 .72427
2,5325 -1546,115 -18 ,.77483
2.5350 -1554,569 -18,82548
2 .5375 -1563 102 -18 .87622
2.5400 -1571 .65ej -18 .92706
2 ,5425 -1580 ,247 -18 ,97799
.2 ,5450 -1588 ,879 -19 ,02902

2, 54"75 -1597 .550 - 19 .00015
2, 5500 - 1606 .262 -19 , 1317,7
2,5525 -1615,014 -19.18269
2.5550 -1623,806 -19. 23410

2 .5575 - 1G32 ,639 - ' 9 , 28561
2,5600 -1641,512 -1;6 ,.33721
2 ,5625 -1650 ,425 - 10 ,3p891
2.5650 -1659,380 -19.44071
2.567=p -1660.376 -19.49260
2.5700 * 1677,413 -19.54459

2 .5725 - 16 5f% .491 -19 5P667
C,5750 -1695,611 -19.64885
2,5775 -1704,772 -19.70113
2.5800 -1713.975 -19.75351
2 , 5825 - 1 7'?, 3 ,220 -19 , 8059s
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Table 3 (Continued)

(c) - 1.OZ0 .. 6. 3.12U50

X 4  Z

2 58530 - 1732 . 5L) 7 -1 858--,5

2 5875 - 1741 .837 -1 I . 91 121

2 .5900 - 1 75 1 .209 -19 . 9R397

2 .5925 - 1760 .623 -20 .01683

2 .5950 -1770 .080 -20 .06979

2.5975 -1779 .580 -20 . 12284

2 .6000 - 1759 . 123 -20 .17600

2 ,602S - 1798 .709 -20 22924

2 .6050 - 1808 .339 -20 28 259

2.6075 -1818.012 -20.33603

2 .6100 - 1827 .729 -20 .38958

2 .6125 - 1837 . 490 -20 .44322

2 .6150 - 1847 .294 -20 .49695

2 .6175 -1857 . 143 -20 .55079

2 .6200 - 1867 .036 -20 .60472

2 ,6225 - 1876 .974 -20 .65876

2 .6250 - 1886 .956 -20 .71289

2 .6275 - 1895 .983 -20 . 16711

2 *6300 - 1907 *055 -20 .82144

2 632 .5 - 1917 172 -20 .87587

2 .*350 -1 .7 ,334 -20 .93039

2 .6375 - 1937 .542 -20 .98502

2 .6400 - 1947 .795 -21 .03974

2 .6425 - 1058 .094 -21 .09456

2 . 6450 -196b 4311 -21 . 14948

2 . 647-5 -1978 . 831 -21. 204S0

2 6500 - 1989 . 268 -21 . 25962

2 .6525 -1999 .7Z2 -21 .31484

2 .6550 -2010 .203 -21 . 37016

2.6575 -2020 .860 -21 .42-,57

2.6600 -:031 .484 -21 .48109

2 .6625 -2042 . 156 -21 .53671

2 .6650 -2052 .*74 -21 .59242

2 . r, f .S - 20 C 3 . 6 -,; -21 . 64 A 24

2 .6700 -2074 .454 -21 .70416

2 . 72 .  - - 0 85 . 31 - -21 *7G017

2. tpb750 - 20 9 6 .225 -21 81 62V

2 .6775 -2107 *183 -21 . 7 291
2 .6800 - 11, 118 188 -21 * 1? 6M

2 .6825 - 2129 .243 -21 .98525

,.6850 -2140 .34t 22 .04176

2 .6873 - 21 t 1 .498 *22 . 098.

2 .6900 - 21 02 . G. n -22 . 1S,10

2 C -. 2 - 2173 .94 11 -22 .21 193

2 . 69S30 -2185 .248 - 2 2 o -.%,n"-

2 69'75 -219 5 9 c - n223 2!iB7

2 . 7000 - 2'O 7 99'! - 2 .38.300

2 .7025 - 221 - .*44i -22 .44022

;! 7 0.,0 - ye:0 . 9 -1 -22 ,4 V7 5 5
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Table 3 (Continued)

(c) - lOO 0 4 3.1250

X4 1.3

2 .7075 -2242 .490 -22 .55498

2 . 710 0 -22354.089 -22 .671 

2 .712S -2265 .739 -22 .7714

2 .7150 -2277 .439 -22 72787

2 .7175 -2289 .191 -22 78571

2.7200 -2300,993 -22,84364

2 .7225 -2312 847 -22 ,90168

2 .725O -2324 •752 -22 .95982

2 .7275 -2336 .708 -23,U1807

2 .7300 -2348 .717 -23 .07641

2 .732S -2360 •778 -23 . 13486

2 .7350 -2372 890 -23 . 19341

2 .7375 -2385 .05 A  -23 .25206

2, 7400 -2397. 273 -23 .31082

2.7425 -2409.544 -23.36968

2 7450 -2421 0• - -23 .42864

2.7475 -2434.244 -23 .40770

2 ,7bOO -2446 .673 -23 .54687

2 7525 -949 *157 -23 .60614

2 .7550 -2471 .694 -23 .o6
s 1

2 .7575 -2484 .284 -- 4 .72499

2 .7600 -2496 ,929 -23 .78457

2.762
-  -2509 .28 -23.84425

2 .7650 -2S22 . 38 1 -23 .90404

2 .7675 -2S35 .189 -23 .96393

2.7700 -2548.052 -24 .02393

2 .7725 -7560 .9"70 -24 .08403

2 .7750 -2573 .943 -24 . 14423

2.7775 -2586 .971 - 24 20454

2 .7800 -2600 .055 -24 . 2 6 495

2 .7825 -2613 .195 -24 .32546

2 .7850 -2626 , 39J -24 .38608

2 .7875 -2639 *6-42 -24 .44681

2.7900 -.2652 .950 -24 .50763

2 .7925 -2G66 ,314 - 24 *.s,57

2* 7950 - 26 7'V .'7-IS -24 6 *69rO

2.7975 -2693 .213 -24 . -1 . .-15

2 b0C0, - 27 06 .748 -24 75200

2 .8025 -2720 .341 -24 .81335

2 .:05C -2733 .990 -5 874531

2* 807S -2747 .698 - 2.. .93637

2 .8100 -276 .463 -24 . 9.9804

2 .8125 -1:775 .P -:25.05981

2 .8150 -2789 . 1 6 -15 . 1I ;z I -

2 8 17S - 2.b 03 .109 -25 18367

2 .82 - 2.31 -7 .108 -25 ,24576
2 ._ 0 ' a -7 S.2 8: 1 . 165 - ;e, !:p ,4'0 7 96

2 .8250 - 2845 .282 -25 .37026

2 *,275 -759 .453 - 4
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Table 3 (Coatinsuad)
(c) - 1.0200 1 4 3. 1250

2 6300 -2873 .693 -25 .49518

2 8325 -287 7.989 -25 .55780

2.8350 -2902.344 
-25 .62053

.e63 7 . -9 i 6.759 -25 .68336

2.8400 -2931 234 -25 .74630

2 .8425 -2945 .770 -25 .80934

2 .8450 -2960 .366 -25 .87250

2 .8475 -R975. 023 -25 .9357t

2 .8500 -2989 .742 -25 .999 12

2 .8525 -3004 .52 1 -2 .06259

2.8550 -3019.363 -26.12617

2 .8575 t -3034 .265 -26 . 18986

2 .8600 -3049 .230 -26 .25365

2.8625 -3064.257 -26 31759

2 8650 -3079 .346 -26 .30 1
-5- 6

2.8675 -3094. 498 -26.4455a

2 .8700 -3109 .712 -26 . 5 aww0

2.8725 -3124 .990 -26.57423

2.875C -31400. 930 -26 .63867

2.8775 -3155.734 -26 .70321

2 .8800 -3171 .2 02 -26 .76787

2 .e825 -3186 .733 -26 .*83263

2 .8850 -3202 .328 -26 . 8 V- 750

2 .8875 -3217 .988 -26 .g6248

2 .8900 -3233 .712 -27 .02756

2 .8925 -32-9 ;500 -27 .09276

2 .8950 -3265.354 -27 . 15806

2 .897
!F -3281 .272 -27 .223,17

2 .9000 -3297 .256 -27 . 28900

2 .9025 -3313 .305 -27 35462

2 .9050 -3329 .420 -27 .42036

2.9075 -3345.601 -27 .48621

2 .9100 -3361 .84f- 5 -27 .55217

2 .9 i25 -3378 ,162 -27 ,61823

2 . S,150 -3394 .541 -27 .68441

2.9175 -3410 .988 -27 .75069

2 .9200 -3427 .502 -27 .8170P-,

2 .9225 --3444 .083 -27 . ,, ' --

,* 9250 -4 #-%. - 73 2 -27 95C ?0

2 ,9275 - 3477 .448 .. 28 0 C ;; 12

2 9300 - 34 T 4 .232 - . .527S

2 3325 -351 1 .084 -- 2..: 1. 36

2 .93-0 - 312 C .005 -28 .* 177- -

2.9375 -3544 .994 -26 .28491

2 9400 -a 5 6 2 .052 -. 28 3 5 21 e

2 9 74 :5 -• 79 .1 '9 -28 4 19S6

2 94'0 -3 9^ .375 -28 48705

2 94 : -3 13 .64 -28 * 5,16

2 9.00 -36:3 0 .976 - "8 62237
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Table. 3 (Continued)
(c) - I.oZO0 oo 3.1250

4 Ka

2 .W575 -3648 .381 -28 .69019

2,9550 -3065.857 -28 .5813

2 .95"75 -3683 .402 -- 8 .82617

2 .9600 -3701 .019 -28 .89433

2.9625 -3718 ,706 -28. 96260

2 .9650 -3736 .464 -29 .03098

2,9675 -3754 .2W4 -2- .09947

2 .9700 -3772 . 195 -29 . 16807

7 ,9725 -3 7 90 . 168 -29 . 23678

2 .9750 -3808 .213 -29 .30560

2 .9775 -3826 ,330 -P9 .37454

2.9800 -3844 .520 -29 . 44;359

2 .9825 -3862 .782 -29 .51275

2 ,9850 -3881 .117 -29 .58202

2.9875 -3899 .525 -.29 .65140

2 .9900 -3918 .007 -29 .72089

2 .9925 -3936 .562 -29 .79050

2 .9950 -3955 .191 -29 .86022

2 .9975 -:973 ,895 -29 . 93005
*4.0000 -3992.672 -30.00000

3.0025 -4011,524 -30.07005

3,0050 -4030 ,451 -30 . 14022

* 3 .007 5 -4049 ,453 -30 . 210 5C

3 0100 -4068 .531 -30 . 28090

3, 0125 -4087 683 -30 ,35140

3,015-0 -4106 ,912 -30 .42202

3,0175 -4126,216 -30.49276

3.0200 -. 1145.597 -30.56360

,3, 0225 -4165 ,055 -30 .63456

3 .0250 -4104 .589 -30 .70564

3.0275 -4204,200 -30.,77682

3 0300 -4223 .888 -30 .84812

3* .032S -4243 ,654 -30 , W 19 54

3 ,u350 - 4263 ,497 -30 , 99'106

3 ,0375 -4263 ,419 -31 ,06270

3 ,0400 -4303 ,418 31 . 13446

3 ,042! - 43 2-S . 496 -31 ,20633

3,04S0 -. 4343.653 -31 .27531

3 ,0475 - 4 63 .69 - 3 1 , 3C' t1

3.0500 -4384,203 -' *1 42262

3 ,0525 -4404 .5 98

3 ,0550 -4425 ,072 -31 .56739

S3 .0575 -4440 .626 -3 1 .,63994

a .*0600 - 4 5 . 2 o-n -31 . 7 ' 261

3 .0625 . 4486 ,97 5 -31 • "78.540

3 .0650 -4507. ,70 -31 65829

3 ,0675 -4528 646 -31 , 931' 1

3 0700 -4549,804 -J~. O00444

3 07 2 5 - 4 .3(0 642 -32 . 077 8 6 ,D T r 54-279• " ~~337 AC 5-7



Table 3 (Continued)
(c) - 1.0200 3.1ZSo

3 0750 -4591 .763 -32 15104.07- 5 -. 4612.966 
-32 .22452

3.0800 -4634 251 - 298113 .0825 -4655 . 6 1 -32 .37181
3 . 0850 - 4677 .068 -3! .445633 . 087 -4698 .601 -32 .519573 .0900 -4720 .217 -32 . 593a23.0925 -4741 .917 -32.66779
3.0950 -4763 .701 -32.74208
3 .0975 -4785 .56 -32.616483 . 1000 -4807 .520 -32 .8910

I.V 3. IO25 -4829 .5573 . 1050 4851 .67a -33 .040383 107 -4873 .84 -33 .1 15243 * 1100 - 4896 . 17:6 -33 . 190233 1125 -4918 .553 -33 .26533
3. 1150 -4941 .016 -33.34OD43 . 1175 -4963 .566 -33 .41587

3. 1200 -4986 .201 -33 .491323 . 1225 -5008 .924 -33,56689
3 . 1250 -5031 .733 -33 .64257

WADC TEL ,4Z79 338



Table 3 (Continued)

(d) - 1.000 4 3. 1250

64 Ys

- 0150 1 .427066 .229417

- 0200 1 4 11 06 .226 176

.0250 1 . 316268 .223072

0300 1 .380946 .220 1 13

-- 0350 1 .366429 .217270

- 0400 1 .351340 .214580

- 0450 1 .337147 .212002

.0500 1 .322798 . a09558

- 0550 1 . 30894 1 .207237
-- 0600 1 .295541 .205037

- 0650 1 o28V283 .202959

- 0700 1 .269219 .200999

- 07F.0 1 .256559 . 199156

- 0800 1 .244082 197427

- 0850 1 .231877 195812

-- OOO0 1 219969 , 194312

- 0950 1 .208275 .192 Q 19

- 1000 1 . 196833 .191639

- 1050 1 .185642 .190468

- 1100 1 .174677 .189402

- 1150 1 .163946 188446

. 1200 1 . 1 53430 187594

- 1250 1 .143150 .186848

- 1300 1 .133085 . 186208

- 1350 1 .123250 .185669

- 1400 1,1 13605 . 185235

- 14 S0 1 104176 184904

- 1500 1 .094943 . 184675

1550 1 .085910 . 184549

-- 1600 1 .077074 . 184524

-- 15 0 1 *068430 . 184601

- 1700 1 *059975 ,184784

- 1750 ! ,o51703 18506S

- 1800 1 .043612 1 .% 449

- 1850 1 .035701 185 34

- .1900 1 ,027986 & 865L2

- 1950 1 *02U 93 187213

-- 2000 1 .*012999 * 1A8007

- 2050 1 . 00576 4 .188904

- 2100 .998692 I 9 9 G CS

- 2150 ,99178 1 / ,191011

* 2200 *9850W6 1P02222

.2250 ,97P4238 .1935 37

.2300 .9719729 *194959
2: 5 0 ,9656727 19G490

02400 09595143 198128
2450 ,W535U22 .15#9873

- 25.00 ,9470W84 02017 A.2

"'d * 5) * 94 18935 , U 3* " 1

339 WADC TR 54-279



Table 3 (Continued)

(d) -1.Ozo 0 4 3.1250

84 y5
.2600 .9362924 .205782

- .2650 .9308263 207977- .d270 .925490 .210266
- 2750 .9202836 .2 1 27 10
- .2800 .9152021 . 215253
- 2850 .9102451 .217914
- .2900 .9054 108 .220697
- .2950 .9006962 .223600
- .3000 .8960994 .226626
- .3050 .8916187 .229762
- .3100 .887252 1 .233061
- .3 150 8829964 .236471

.3200 .8768522 .240011.3250 •8748155 .243684
- .3300 .8708853 .247490
- .3350 08670599 .251435
- .3400 .8633371 .255519
-- "340 o8597 161 .259744
- .3500 •856 1943 .264113- .3550 .8527710 .268627
- .3600 .8494435 .273291
- 53650 *84621 13 .278 10S
- .3700 , 6430717 .283073
- .3750 .8400246 .288 1ge
- .3800 .8370677 .293478- .3850 .8341991 .298923
- .3900 .8314185 .304531
- .3950 .8287241 .310307
-- 0  

*. o8261145 .316253
- .410c. . 8211437 .328670
- .4?00 . 164C71 .341804
- 04300 .8121639 .355685
- .4400 .8081355 .370339- 4500 .8044026 .385794
- .4600 .80095flo .402 O8,4
- .4700 .7977882 .419237
- .*4800 .79489 10 .*3728 r
- 4900 .7922568 .456269
- 05000 .7898782 .47S218
- .5100 .7877482 .497170

- 5200 .7858603 .519165
- .5300 .7842076 .542243
- .5400 07827806 . Te-6F. 445
-- 5500 .7815 A49 .591812
- -600 7806027 616391

-. -'00 : 77983WI .646230
- .580 .779269A .675373
- ,5900 ,'7789085 . 70 n 871
- 0 *6000 a 77 e74 4,5 ,73777S

WAC TR 54-279 340



Table 3 (Continued)

(d) - 1.020 4 3.1250

64 Ys

" .6100 .'77877 30 .771 138
- 6200 *7789893 .806016
- 6300 .T793.Q6 .842466

- ,6400 .7799692 .880543
- .65.00 •7807246 .920311

- 6600 .7816518 . 96 183,.
- 6700 .7827474 1 .005 170

-- 6800 .7840076 1 .050392
- .6900 .7854278 1 .097568
-- "000 .7870087 1 *146763
-- .7100 *7887437 1 .196057

- .7200 .7906303 1 .25 1523

- .7300 .7926661 1 .307237

- 7400 07948485 1 .365283

- .7500 .797 1746 1 .425740
- .7600 .79964 18 1 .466695

- .7700 .8022477 1 554233
- .7800 .8049899 1 .622447

- .7900 *6078663 1 .693427

* -- .8000 .8108746 I 767271
- .8100 *8140125 1 .844075
- .8200 .8172783 1 .923942

S*8300 .8206696 2 .006972- ,8400 ,8241853 2.093276
- .8500 .8278226 2.182961
- .8600 .8315807 2 . 276 142
-- 8700 98354572 2 .372933
-- 88(.0 08394506 2 .473451

- .8900 *8435596 2 .577822
- .9000 .8477825 2 .686 170
-- 9100 0852 11 78 2 .798624

- 9200 *8565644 2 .915314
- .9200 .86 1 1205 3 .0-637 8
- .9400 *86.7351 3 .1619--4
- ,9500 ,8705569 3.29J166
-- 9600 ,8754347 n.427221

- ,'9700 .8 ,04171 3.5672105

- .9800 .88f503 1 3 .7 12296
- .9900 . r, 06 9 1 7 3 .6 2, S .
- 1.0000 .8959817 4.018432
- 1,0100 .0013722 4.179803
- 1 .G 2co 9068G23 4 .3.'.6936
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Table 3 (Continued)
(d) - 1.0z00 4 g 4 3. 1250

S64 
•0150 I .5'0795 •251942
*0175 1 .540035 .254080

*0200 1 .549307 .256243

.0225 1 .558584 .258447

.0250 1 .568049 .26070e

.0275 1 .577603 .:263000

*0300 1 .587230 .265335

.0325 1 .596978 .67715

.0350 1 .606836 .270 149

.0375 1 .616770 .2 12618

.0400 1 .6268 14 .275126

.0425 1 .636964 .277689

.0450 1 .647215 .260298

00475 1 .657572 .262955

.0500 1 .668031 .285654

.0525 1 .678595 .268402

.0550 1 609266 .291200

.0575 1 * 700043 .294049

.0600 1 . 710935 296943

.0625 1 .721937 .299890

.0650 1 .7330A8 302L90

.0675 1 .744272 . 305b43

.0700 1 .755610 .309045

.0725 1 , 767063 • 'v 12203

.0750 1 •778632 0315412

,0775 1 . 7903 1 8 .318602

.0800 1 .802122 .322001

.0825 1 .814044 .325379

.0850 1 .826088 .328816

*0875 1 .8382--2 •332309

.0900 1 .850540 •335660

*0925 1 .86;V 1 .*339472

.0I50 1 .875488 .343 148

*0975 1 .888 151 * 346f79

.1000 1 .900940 .3506 7 t5

.1025 1 .91:3859 .3 .:- 45 3 5

.1050 1 .925907 * 3584"S 7

.107S 1*94 . .00A .362447

61100 1 .95'399 .366503

*1125 1 . g F684 4 . G7

*1150 I .980425 .37451 1

1 175 1 .99414 1 .3790"70

* 1200 2 .00799 6 ..383399

.1225 2 .02 19811 .38779c-

01250 2 .03 121 4 .Q 26 7

.12' 5 2 .050396 .398S 10

*1300 2* .0648 1 3 .401427

01325 2.079373 .*40612'

1350 2 .094082 .4 106rb

WADC TR 54-279 342



Table 3 (Continued)

(d) - 1.0O0 . cj

64 Ys
*1375 2 .1o8935 .41S738
. 1400 2 .123937 .420664
. 1425 2 139089 .425668
. 1450 2 * 154392 .430756
.1475 2.16Q^48 .435923
. 1500 2 1854-7 .441177
* 1525 2 .201222 .4465 14
.1550 2 .217144 *451937
, 1575 2.233224 457446
. 1600 2 .249464 .463047
. 1625 2 .265865 .468734
.1650 2 .282429 .474516
* 1675 2 .299158 ..480388
.1700 2.316050 .486357
. 1725 2 .333114 *4QP42 I
. 1750 2 .350346 .498581
*1775 2.367748 .504841
. 1800 2 .385322 .511200
.1825 2 .403070 .517661
* 1850 2 ,42t9Q 4 .524228
* 1875 2 .439094 .530898
. 1900 2 .457374 .537674
01025 2,475834 .544557
.1950 2 .494476 .551552
.1975 2.513-402 .5-8658
,2000 2 .532314 .565878
.2025 2 .551513 .573213
.2050 2 .57090: .58066
.2075 2 .590480 .588236

-% I a 0 . ...: -:? . is - i C, . Q I>.217S 2 . 63 u'2 19 60 :i1740
.2150 2.650381 .6116"1'8
.2175 2.670740 .619745
.2200 2 .691 -j 0 0 6:.? '1 9 36
2225 2 .712062 .636262

.2250 2.733027 .644717
*2275 2 .754 198 .653309
.2300 2 .77ES76 .662037
.2325 2 .797163 .670904
2350 2.818961 1679c 10

.2375 2 .84U973 689 061

.2400 2 .863199 6983-%7
02425 2 .885643 70780 1
0 245C. 2 ,90830b .717396
.2475 2 931 189 .727 143
.2500 2. 95-4 206 .737046
2525 2 % 77 628 .747 10',
2 43.v0 3 .001 187 757 3 r

,2575 3 .024975 .76770G
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Table 3 (Continued)

(d) -I.00 4 3.1250

84  -y5
2600 3 .048994 .778252

.2625 3 .073247 .788969
.2650 3 ,097 7al 6 .799851

.2675 3 .122462 .810910

.2700 3.147428 .822145

.2-125 3 .172636 .833557

.2750 3 .198089 °845150

.2775 3 .223787 .856929

.2800 3,249735 .868892

.2825 3 .27593? 88 1049
*285U 3 .302385 .893398
.2875 3.329092 .905942
.2900 3 356057 .918685
.2925 3 .383281 .931633
.2950 3 .410769 *944785

.2975 3 .4 38521 9.8 145

.3000 3 *46540 971719
3025 3 494829 .985508

050 3 .523390 999515

.3075 3 552225 1 .013748
63 100 3 5813.37 1 .028204

.3125 3 6 10728 1 .042891

.3150 3 640402 1 057809
3175 3 .670359 1 .072968

*3200 3 700604 1 .008364
.3225 3.731137 1.104007
.3250 3.761963 1 119897

327-. "  3 .793083 1 136042
03300 3 824501 1 .152441
,337 3 .8562 1 0 1 .169101
.3350 3,888238 1 . 186026

3:J7 t 3 . o* 9 U t f .. 14.20- ~u 2
*3400 3 *9531 95 1 .22068-
,3425 J . 98 613 ts 1 .2 3 8 4 2c
,3450 4 .01939S 1 25F48-53

.3475 4 .052967 1 .274766
03500 4 ,086858 1 .293367
.3525 4 . 1210 '0 1 .*31 2 264
.3550 4 15L608 1 .331452
.3575 4 . 190471 1 .350962
,3600 4 .225566 1 . 370774
. 362 5 4 .261192 1 .*7'9*899
.365 0 4 .2970.5S 1 .411343
.3575 4,333257 1. 432112
6370e) 4 .369800 1 .453210
.3 7 2. 4,, 406688 1 .47-4643
03750 4.,443924 1 ,49.4 17
,3775 4,48 i510 1 ,51a53',
.3800 4 ,51* 4 50 1 .54100"

WADC TR 4-279 .344



Table 3 (Continued)
(d) - 1.02004. 4 3.1250

64 Ys
.3825- . 557746 1 .563826
.3850 4 .596402 1 .58701 1
03875 4 .635421 1 .610566
,3900 4 674807 1 .634492

3 9'25 4 714561 1 ,658795
.3950 4 .754687 1 .68J485
.3975 4 795189 1 .7n8567
*4000 4 .836070 1 .734043
, 4025 4 .877333 1 .7599 -- 5
.4050 4 .918981 1 .786214
*4075 4 961017 1 .81:920
*4100 5, 003445 1 .840046
.4125 5 046268 1 . 867603
,4150 5 089490 1 .895597
.4175 5 .133113 1 .924030

.420n 9 .177142 1 .952914

.4225 5 221579 1 .982253

.4250 5 266428 2 ,012057

.4275 3 .311693 2 .042330

*4300 5 .357377 2 .073080

.4325 5 403484 2 104317

.4350 5 *450016 2 , 136044

.4375 5 496979 2 , 168272

.4400 5.544374 2.201008

*4425 5 .592207 2 .234261
, 4450 ! 0 40480 2 .268035

.4475 5 689197 2 .302343
,4500 5 .738363 2 .337 190
,4525 5 78"19?Q 2 ,372586
.4550 5 ! 05 = 2 ,408538

4575 5 .6858 3 2 . 445051.3
,4600 5 939578 2 .482143
,4625 5 .991039 2 .519818
,4650 6 .04297 1 2 .558083.
,4675 6.095377 2.59 ,;49

.4700 6.146262 2.G36423

*4 IF25 -5 20162-9 Z .6716-S17
*4750 6. 255462 ,7 .17240
,4775 6 309026 . .7;38602
.4800 IS .364664 2 .8006 11
*4825 6 .420000 2 ,843277
*4850 6.475839 2.886610
*4675 6,532184 2.930623

.4900 6,69041 2.975323
0 492-? 5 1 .6464 1 1 - .020721
.4950 6,70"1301 3.066e30
.4975 6 ,762713 3 , 113?.CG

°5000 6, 82 165.% 4 3 . 1 I 1 05%
05025 6 .881 125 3 . 20951 5
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Table 3 (Continued)

(d) -- 1.o2o0 4 A 3.1250

64 Ys

5050 6 .941133 3 .258%568

.5075 7 .001681 3 .3083as

•5100 7 .OG2774 3 .3589so

.5125 7 .124415 3 .410360

.5150 7 .186610 3 .462541

.5175 7 .249:362 3 .515531

O5200 7 . 312677 3 . v-59 348

.5225 7 .376559 3 .623998

.5250 7 .441012 3 *679498

*5275 7 506040 3 *2s5eses

•5300 7 .571649 3 .793093

*5325 7 .63784 3 3 .85 1 2 1 3

.5350 7 .704627 3 .910236

.5375 7 .772004 3 Q70 172

5400 7 .639981 4 .031033

05425 7 .90856 1 4 *0-428 "37

*5450 7 .97775 1 4 155596

5475 6 0475S2 4 .2 1932cS

*5500 a .1 17973 4 .24036

,5525 8,189015 4 ,349744

.5550 8.260686 
4 .416468

05575 8 .332990 4. 484217

.5600 a .405931 4 553010

056265 8,479514 4.622662

*5650 8 .553746 4. 6937813

.5675 8 .628629 4 .765800

5700 I 67041 70 4 .838922

8 5-,725 8 .*780374 4 .913 163

.5750 8 b 87 24 40 4 .98854-;

.5775 6 .934791 5 .065080

.5800 9 .013014 5 .142789

.5825 _9 .09 1Q 2 1 5 .22 686

5850 9 .171516 % 3017 c 9

.5875 9 .251805 5 383 1 1?

.5900 9 ,332794 5 4 S6 8 -

#5925 9 .414487 - .54 151

.15950 9 .49 a89," ) S "

.5975 .tA000 8 5 ,721026

*6000 9 . 663CS4 5 .808746

.6025 9 *7484 13 5 .897800

.6050 9 .833711 5 .988209

.6075 9 .919746 e6 07 ;9 a 9

06100 10 *00652 6.173165

I 10 ospo, OS .2 '

io1 18233 6 .3637-74

6 17-5 10 .27137 6 0AS 1 -.74

06200 10 36 117 6  6 0201

.6226% 1n0 4 5 17'1 6 .66064q

6250 10.54311 "? 6.*1.
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Tab e 3 (Continued)
(d) - 1.0200 4 < 3,1250

64 Ys

.6275 10 .63--,24 6 .8661 1-1

.6300 10 .72, 17 o, .971 182

.6325 10 .8214- 7 .077834

.6350 10 .91641 7 18r,090

.6375 11 0 1174 7 2 q5 9 7S

.6400 11 •107f s 7.407511

.6425 1 1 .204 04 7 5 -0 7 2 S

.6450 1 1 .30263 7 .635637

* 6475 1 1 .40124 7 .752274

.6500 11 *50070 7 870659

. 6525 11 . 0099 7 9908 15

fbt 50 11 .70213 8 112772

.6575 11 .8041 -3 8 2 76S49

.6600 11 .90700 8 .362 177

.6625 17 .01072 8 .489679

.6650 12 11533 8 .61 Ot, I

.6675 12 .22081 8 .750412

.6700 12 .32719 8 .883 69c

.6725 12 .43445 9 *0 i 59057

*6750 12 .54262 9 . 156245

.6775 12 .65169 9 .295561

.*6800 12 .76 168 9 A 3.1-1 943

682 S, 12 .87258 9 .580420

6V 0 12 .98441 9 , *7260'23

6875 13 .097 18 9 .873779

6900 13 .2 1088 10 .0227 1

, 692b 13 .32553 10 . 17587

.6950 1- .44114 10 .: 3027

*6975 13 .55770 10 .48694

S70Cn 13 .67524 10 6*4GS,

.7025 13 .79374 1U .A ,,'7, 7.-0

.7050 13 .91323 10 .'709- 0

.7075 14 .03370 11 .13702
*7100 14 . 15. 17 11 3 n .*251_

*7125 14 .277b4 1t 47 656

07150 14 .40113 1 1 *GS006

f ?175 14 . 52%62 11 *82 t10

.700 14 6 '. 1 1 4 12 .00472

7225 14 . 77769 19 - 18594
*7250 14 ,90528 12 36981

,7275 15 .0 3392 1 ;,. '3S E C36
,7300 13.,16360 12.74S.62
7325 15 . 29435 12.93763

73 0 15 .42616 13 13244

.7375 15 . ,C 90 5 13 *33007

.7400 15 . 6.30 1 * ,;C)L57

*7425 15 A o ( * 8 08 1 A .7 4:.j 97

IIn5 0 15 9b4?6 1 J,4 1 .1 C-4 n1j -.
, 7475, 1 6 101 '.i0 14 .1 4c)C 3
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Table 3 (Continued)
(d) - l.OZO C 3. z50

64Y

07500 16 .23987 14 .36201

.7525 16 .37936 14 .57743

.7550 16 5 1C99 14 .79595

.7575 16 66174 15 .01762

.7600 16 .80465 15 .24248

*7625 16 .94670 1 !R .47057

.7650 17 .0939 1 15 .70194

°7675 17 ,24029 15 .93662

.7700 17.38784 16,17487

.7725 17 .53658 1 A.A 1 613

.7750 17 .68651 16 .66103

.7775 17 . 83763 16 . 909,44

.7800 17 .98997 17 . 16139

*7T25 18 . I 4352 17 .41693

.7850 18 .0298 29 17 .6761 1

*7875 18 .45430 17 .93897

.7900 18 .61155 18 .20557

*7925 18 *77004 18 .47596

.7950 18:92979 18 .750 18

*7975 19 .0908 1 19 .02828

.8000 19 .25310 19 .31032

,8025 19 ,41668 19 .59535

,8050 19.58154 19.886 41

.8075 19.74771 20.18056

.8100 19 .91518 20 .47387

08125 20 .08397 20 .78136

*81I0 20.25409 21 .0881 1

.8175 20 .42554 21 .39917

.8200 20 .59834 21 .71460

,8225 20 .77248 22 .03444

8250" 0) a * 4 "7' Q a , 1 4*r6A - A

.8275 21,12487 22.68762

,8300 21 .30313, 23 .02106

,8325 21 .48277 23 .3.59 I?

.8350 21 .86382 23 ,70198

,9375 21 .84627 2,. 04957

.8400 22 ,03013 24 .401 9

08425 22 .21542 2, .75930

.8450 22 40215 15 .12158

,8475 22 ,59031 25 ,48888

,8500 22 ,779-' 25 .8S 1

*8525 22 .97102 26 2387 q

.8550 23 ,16357 26 6 2 154

08575. 23 ,35761 27 .00957

, 8s00 2 3 ,55314 27 40295

.05625 23 . 7501G 27 ,80 1-" 4

08650 23 . 94870 28 .20602

.8675 24 ,14.876 28 ,6 158 

*8700 24.35034 29,03131
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Table 3 (CoutMined)

(d) - 1.OaO0 4 j 4 3.1250

64 ys

.6725 24 .55347 2W .45247

,6750 24 .75614 29 .87928

46775 24 .96438 30 .31214

.6600 25 .17218 30 .75081

.86.25 25.38156 31.19547

.8850 25 .59253 31 .64618

.6875 25 .805 1 C, 32 . 10303

.8900 26 .01928 32 .56610

.6925 R6 .23507 33 .03545

.8950 26 .45250 33 .51117

.6975 26 .67156 33 .99334

.9000 26 .86928 34 .4 2 4

.9025 27 .1 1466 34 .97734

9050 27. 33870 
35 47934

.9075 27 .56443 
35.963o

.9100 27 .79185 36 .0372

9125 26 .02097 
37 .02628

.9150 28 25180 37 .*5587

.9175 28 .48436 38 .09256

.9200 28 ,71865 38 .63646

.9225 28 .95469 39 .18764

*9250 29 .19248 39.74620

.9275 29 .43204 40 .31222

.9300 29 .67337 40 .88579

,9325 29 .91649 41 .46702

.9350 30 . 16142 42 .05599

.9375 30,40815 42 .65279

.9400 30,M5670 43.25752

*9425 30.90709 43 .87028

.9450 31 . 15932 44 491 16

,9475 31 .41340 45 12026

.9500 31 .66936 45 .75T68

.95125 31 .92718 46 .40352

*9550 32 I8690 47 0S78P

"9575 32 .44852 47 .720 78

.9600 32 ,71 .0t 48 .39258

.9625 32 .97750 .* 073 13

,.650 33 .24489 4:.. r62C1

,9675 33 ,51422 .50 461 13

9700 33,78551 51 16880

.9725 34 , 0 587A 51 .88574

.51750 34 .33402 52 .61204

.9775 34 .61 126 53 .34783

,9800 34 89050 :4 .Q 0 20

, 98 25 3 . 17176 54 .8 4829

9850 35 .455 05 5 613 "9

9875 35 . 74038 56 38804

9900 36 .02777 57 17293

9925 36 31722 S7 96800
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Table 3 (Continued)

(d) - 1.Oi200 . 3. 1250

64 ys

.99 :36 .60875 085,77336

, 97~ u 36 .90237 59 *8 ,4

1 ,0000 37 . 19809 60 41545

1 .0025 37 .49593 61 2 .524 1

1 .0050 37 . 795A9 6 2 100 16

1 .0075 38 0979- 62 9 -;,8 8 2

1 .0100 39 00389 63 82851

1 .0125 38 70867 64 *70 IQ37

1 .0150 39 01727 65 60152

1 .0175 3Q *32806 66 50509

1 .0200 39 64105 67 42022

1 .0225 39 95626 68 34704

1 0250 40 27370 69 28569

1 .0275 40 59338 70 23629

1 .0300 40 .915 3 1 71 19900

1 .,0325 41 23951 72 17394

1 .0350 41 .56600 73 16127

1 .0-175 41 .89477 74 1611 1

1 .0400 42 . 22585 75 17362

1 .0425 42 .55926 76 19894

1 .0450 42 .89499 77 23721

1 .0475 43 23308 78 28859

1 .0500 43 57352 79 35322

1 .0525 43 . Q 16 34 80 .43125

1 .0550 4.4 .26154 81 .52284

1 057-% 44 .60915 82 .62813

1 0600 44 95917 83 74729

1 .0625 45 .31162 A. 1 A .47

1 0650 45 66651 86 02784

1 •0675 46. 02 85 87 189--53

i 01 p -',#.3 38:367 3fr3 G *-7 4

1 .0725 46 74597 89 556b0

1 0750 47 1 1076 90 76229

1 0775 47 47807 91 9m':98

1 .0800 47 .847190 93 .21883

1 .0825 48 .22027 94 47001

1 0850 48 59520 95. 736'70

1 .0875 -48 .972-0 9 .01906

1 0900 49 35277 98 .31727

1 .0925 49 73545 99 63150

1 0950 50 12-' 73 100 9 - 19

i 0975 50 *50864 102 .3087

1 " (C 0 50 M9920 1 " S7. 1

1 0 25 51 29240 105 05 2 3

1 1:;')0 51 68828 106 4493

1 10'75 52 0 8. 683 107 8635

1 1 100 52 .48809 109 29'3 0

1 1125 52 AF9..06 110 744 1

1 11.1,0 '3 3*2987" 1 12 2 108
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Table 3 (Continued)

xd)- 1,0zoo, 3.1250

64 ys
1 .1 175 53 .7021 113 .6953
1 .1200 54 12Q4o1 115 * 190
1 .1225 -4 .53939 116 .71809
' .1250 54 .95316 1 '16 .2504
1 ,1275 55 .37372 119 .8165
1 .1300 5s ,797 1 1 121 .3934
1 .1325 56 .22334 122 .9895
1 .1350 56 .65241 124 .6049
1 .1375 b7 .08435 126 .2398
1 .1400 m7 .51917 127 .8944
1 .1425 57 .95688 129 .5689
1 .1450 58 .39751 131 .2635
1 ,1475 58 ,84 06 04 .2 7- -i
1 .1500 59 .28756 134 .7142
1 .1525 50 73702 136 .4706
1 .155 0 60 . 18945 138 .2480
1 , 1575 60 .64467 140 .0467
1 ,1600 61 ,10331 141 .8669
1 .1625 61 .56476 143 .7087
1 ,1650 62 ,02925 145 .5725
1 , 1675 62 ,49679 1.47 .4585
1 1700 62 .96741 149 .3669
1 ,1725 43 ,44112 151 .2980
1 1750 63 .91793 153 .2519
1 . 1775 64 .39786 155 .2289
1 .1800 64 ,88092 157 .2294
1 .1625 455 .35714 159 .2534
1,1850 6S ,85653 161 ,3014
1,1875 A6 , n"4 Q 11 163, 3734
1 ,1900 6 .84489 165 .4699
1 ld G 7 ,34338 167 .5910
1 ,1950 67 64612 169 .7369
1 ,1975 68 *35161 171 .9080
1 ,2000 66 .86037 174 .1045
1 ,2025 69 .37241 176 . 7328
1 .2050 69 .88777 17's .5750
1 .2075 70 .40644 180 , 8494
1 .2100 70 .928,,5 8. .1502
1 .2125 7 * .45382 1# 3 .*4779
1 .2150 71 . 9A2 56 1^7 . A 326
1 . 9 175 72,51469 190 .2146
1 .2200 73,05024 192 .V;24 3
1 . p225 73.50920 1q 5 s,0e1
1 ,2250 74,13162 107 .5276
1 .7.27b 74 ,67749 700 0216
1 .2300 75 ,22684 202 .544 L
1 .2225 7_ 077968 205 .0968

2 32!50 76 .33605 207 .6782
1 237! 76 M9594 P 10 .2893
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Table 3 (Coantzud)
(d) - 1.OZO0 4 3. 1250

64 y
1 *2400 77 4 593SP 212 .9303
1 .2425 78 .02640 215 .6016
1 .2450 76 .59700 218 .3035
I 24 75 79 1712.1 221 .030 3
1 .2500 79 .74904 223 .8.004
1 .2525 80 .33050 226 .5959
1 .2550 80 .91563 222 .4233
1 .2575 81 .50444 232 .2828
1 .2600 82 .09694 235 . 1749
1 . 2625 82 .69316 238 .0998
1 .2650 83, 293 11 241 .0578

1 .2675 83 .89682 244 .0494
1 .2700 84 .50429 247 .0747
1 .2725 85 . 1 1556 250 .1343
1 .2750 85 .73063 253 .2283
1 .2775 86 .34953 256 3572
S.*2800 86 .97228 259 .5214

1 ,2825 87 .59890 262 .7210
1 .2850 88 .22940 265 .9566
1 .2875 88 .86380 269 .2285
1 .2900 89 .50213 272.5370
1 .2925 90 .14440 275 *8825
1 .2950 90.79064 279 .265-4
I .2975 91 .44085 262 .6860
1 *3000 92 .09507 286 . 1446
1 .3025 92 .75330 28.9 ,6420
. .30"50 9 . 41558 293 .1781
1 *3075 94 08192 296 .7535
1 .3100 94 .752-J4 300 .3605
1 3125 99 ,.42686 304 .0235
1 .3150 96 .10550 307 .7190
I .3175 r. 6 . 7882e5 31 .. 55-52
1 .3200 97 ,47122 315 .23217
1 .3225 98 . 16634 319 ,0512P
1 ,3250 98 .861AC 322 .9130
1.3275 99.56120 M26.8166
1 .3300 100 .2649 330 7631
1 .3325 100 .9730 334 .7"29
1 .3350 101 .6853 338 .786=
1 .3375 10? .4019 342 .8639
1 .3400 103 . 1229 346 .9G60
1 ,3425 103 ,84 7. 351 .1531
1 .3450 104 .5779 355 .3656

I 3475 10 4 ,A 119 3IS9
1 ,3600 106 .0504 '63 .9286
1 .3525 106 .7933 368 .2800
1 .3550 107 ,!40UG 372 .6 786C
I ,!: -7 108 .2924 377 .124("
1 .3600 109 *04 #57 38 1 ,6 19-
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Table 3 (Continued)

(d) -1.0200 < 3.1250

64 .Y5
1 .3625 109 .8095 386 . 1621
1 .365o 1 10 5748 490 .7540
1 ,3675 1 1 1 .3447 395 .3954

1 .3700 112. 1192 400 0868
1 .37-25 1 12 .8983 404 .8287
1 .3750 113 .682) 409 .6214
1 .3775 114 . 4703 414.. 4 6-,3G
1 ,.3800 115 .2633 419 3617
1 .3825 1 16 .0610 424 .3102

1.3850 116 .863d 429 . 3115
1 *3875 117 .6705 434 .3663
1 .3900 118 .4824 439 .4749

1 .3925 119.2990 444 .6379
1 .3950 120 .120tb 449 .6559
1,74975 120 .9467 455 .1292

1 .4000 121 .7778 #160 .4585

1 .4025 122 .6138 465 ,8443

1 .4050 123 .4547 471 .2871

1 .4075 124 .3004 476. 7874

1 .4100 125 .1511 462 .3456

1 .4125 126.0067 487 .9628

1 .4150 126 .8674 493 .6390

1,4175 127 .7330 499 .3749

1 .4200 128 .6036 505 . 1710

1 .422- 129 .47W3 511 .0280

1 .4250 130 .3600 516 .9464

1 .4275 131 ,2459 522 .9267

1 .4300 132 1368 528 .9695

1 .4225 133.0329 535 .0755

1 .4350 133 .9342 541 .2451
.42-7 134 .8406 547 .4790

1,4400 135,7523 53. 77

1.4425 136 .6692 560 .1421

1 .4450 137 .5913 566 .5724
1 .4475 138 .5187 573 .0624

1 .4900 139..4914 579 .6336

1 .4525 140 .3895 566 .2658
1 .4550 141 .3329 592 .966.1

1,4575 142,2816 S 99.7362

1 ,4c00 143 .23-8 606 .5758

1 .4625 144 .1954 G613 .4835
1 .4630 145 *.1604 620 .4668

1 46475 146 .1310 if,2 -7 .5195
1 .470"1 14 7 .1070 S 3 A .p445

1 .4725 148 0885 641 .8425

1 .4750 149 .0756 649 ,1 14 1

1 .4775 150 .0862 6S6 .4601
1 .4800 151 .0664 66a .8810

I .4825 152 .0703 s7 1 .3776
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Table 3 (Continued)

(d) - 1.0200 4 3.1250

64

1 .4850 153 .0798 6"78 •9505
I •4^75 154 .0950 686 .6005
1 .4900 155 .1 158 694 .3281
1.4925 156 .1424 702 .1342
1 ,4950 157 .1748 710 .0194
1 .4975. 158 .2129 717 0' 43
1 .5000 159 *2566 726 .0298
1 .5025 160 .3065 734 . 1565
1 .5050 161 .3620 742 .3652
1 . 5075 162 .4235 750 .6565
1 .5100 163 .4908 759 .0314
1 .5125 164 .5640 767 .4903
1 .5150 165 .6433 776 .0342
1 5175 166 .7284 784 .6636
1 . =200 ?'67 * AIQ6 793 .3796
1 .5225 168 *9 168 802 .1826
1 .5250 170 .0201 O1 .0737
1 .5275 171 .1294 820.0534
1 .5300 172 .2449 829 .1227
1 , 3.5 173 .3664 838 .2821
1 .5350 174 .4942 a47 .5327
1 S375 175 .628 1 856 .675 1
1 .5400 176 .7682 .66 .3103
1 .5425 177 .9146 675 .8388
1 *54!0 179 .0672 885 .4617
1 54"7:5 180 ,2261 895 .1796
I . .. O0 181 .3914 904 .9935
1 .5525 182 .5629 914 .9041
1 .5550 183 .74U9 924 9q124
1 ,*575 184 .9253 935 . 019 1

t: ICC U '.0 945 .2251
1 .5625 18- 3133 955 .5313
1 .5650 18. ,5 170 965 .9385
1 .9675 189 .7272 976 .4475
1, . =,'00 190 .9440 Q87 .0!94
1 5 7 2 192 . 167 3 9'7 .7746

5 ,-7 50 193 3973 1008 .594
1 S 7 75 1Q4 "6:.38 10 19 S20
1, *4S 00 l1 5,8770 130 0 552

. 5825 197 .1269 1041 .69 i
1 .8..0 19A :.3834 10-2 . !w- 3C
1 gs7.) 1 6467 1064 .294

9 . (.; c 200 w 16 8 '1075 760
. 5 202 1936 10%7 3748

1 ,5qF0 203 ,4773 .093 .027
I , bc'q7 20.4 .7678 1 110 .829
I .6000 206 . 06. S2 1 122 .745
1 . 60?5 207 .369 5 1134 .77b
1 0 i. .) 20A4 6S U 7 1 146 . S. , .
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Table 3 (Continued)

(d) - l.ZO0 4 3.1250

64 Ys

1 .6075 Z09 . 9988 1 159 .184---

1 *6100 P 1 1 .3240 1171 .565

1 . 6125 212 •1b562 1 184 .064

1 .6150 2 13 .9954 1196 .683

1 * 6175 2 1'5 .3417 1209 .423

1 .6200 21 G .t951 1222 .284

1 6225 218. 0557 1235 .268

1 *6250 219 . 4234 1248 .376

1 , 27-.5 220 .7c)8 2 1261 .609

1 .6300 222 . 1 M U4 1274 .967

1 .632-5 223 .5697 1288 .452

1 , 639O() 224 .9664 1302 .066

1 6375 . 26 . 37U3 1315 .808

1 .6400 227 .7S16 1329 .680

1 * t 4.e5 2 2 s .2003 1 313 . c-e

1 .6450 230 .6264 1357 .819

1 .6.475 232 0599 1372 .088

1 , 6 00 233 .50u-8 1386 .491

1 .6525 234 .949-1 1401 .030

1 * 6550 236 .4052 1415 *705

I 6. 75 2 37 .*-k 6 88 14 3 0 .519

1 , 66(I0 2 J Q 3399 144 _5- .*471

1 * 6625 240 .8186 1 460 .563

1 665O 242 .3049 1475 .796

1 667t 24.3 .7990 1491 . 172

1 6700 245 • 3CU7 1506 .691

1 -E ,? -, 24 6 .8 1u2 1522 .355

1 .67 i 0 24 * , 2 7 4 1538 .165

1 6775 249 ,8525 1554 .122

1 6800 251 .3854 1570 227

1 a 8 :,- 22 . v , 6 ,1C 56 4 6r
1 * 6850 2 ., 474 7 1602 .887

1 .6875 256 031J 1619 .*444

1 6900 2: 7 , -; 95a 1636 . 154

I *C925 2 5 .1683 1653 019

1 C- b .fu *74eB 1c70 .0 3 0

1 .6975 262 337:3 1687 .216

1 .7000 263 .934) 1704 .551

I .702S 265 .5387 1722 .046

1 .7050 2')7 .1516 1730 .701

1 .707'3- 2683 .7727 1753 7 .* 1 d

1 .7100 270 .4020 1775 .499

1 , 12t- d' 4 .( 395 179 3 G44

1 .71"0 2-73 . 685 3 1 f 11 955

I7 7.T 27-5 3394 8SI0 .4 34

I .7200 277 .CU19 1 49 ,081

S.722-J 271 A.6727 1867 T- 4-?

1 7 2 20 2110.- t i1 9 18t3 6 a*8 G

1 ;Pe 2 . 0 396 1 9 Or, 04 6
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A~q 0- 01 53.-

Ys7300 28 -3, . '775.30
1 .73.5 2. 81 1 2.733 .4403 1944

.7350 287 1535 .57I 3 8 1964 .57451 .7375 288 8753 1984 .443

1 .7400 290 8 6 2004.4881 .7425 292 3446 2024 .1 3
1 ,7450 294, 0923 2045 1 1

1 .7475 295 a486 2065.723
1 . 7500 29 7 , eS 1 :3 " - 20 6 . 7 13

1 .7525 299 .-3876 207 .455
1 . 75SO 301 1 703 2 1' 78 .4557
1.7575 302 .91a0 2128.6071 .7575 302 ,; 2149 .949,7600 304 ,76.22 2171 .4821 ,7625 306 .5715 2193 .2081.7650 308 .3897 2215 .1281 . 1675 -1 1u .:4 1 9 2237 .2441 .7700 312 .0.-3 1 2259 .5571 .7725 313 .8984 2262 .069
1 .7750 315.7527 

2304 .7821 .7775 317 .6 16i 2327 .6961 .7800 319 . 488 Li 2350 .6131 .7825 321 .3705 23 74 .136
1 .7850 323.215 239 .65
1 .7875 32 1618 2421 .403
1 .7900 327 .0713 2445 .350
1 .7925 328 .9902 2469 .509I °7950 330 ,o 18.4 2493 .8801 .7975 332 . 8560 2518 .46 71.8000 334.8031 

2543.2701 .8025 336 .759 5 2568 .2911 .8050 338 .7255 2393 .5321 .8075 340 .701 1 2618 , 9-41 .8100 342 .686 2 2644 .6791,8125 344.6809 
2670.5891.8150 34G.6853 
2196 .251 .8175 348 .6993 27 ..5 .090

1 .8200 350 7230 249 . 684
1 .- S 352 7 56i 2770 .5101 .8250 J54 .799a 28a.3 .5701 .8275 356 .8529 2830 861 .8300 = . 2858 .31 .8325 0 .9888 2886 leg1 .8350 3 05 o716 2914 .1801 .8375 365 .1643 2942 .434I ,r40C, 367 .2671 2970 .9321 .8425 J69 .3799 2999 .6771 ,8450 471 .6-028 3028 .6691 . bt4"7 5 373 ., 638 3057 .91 11 .8500 375 . 7QO 3087 .40WADC TR54-279 34
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Table 3 (Continued)

(d) -. Ozoo4 g 4 3.1250

64 Ys
1 .8525 377 .9324 3117.152
1 .8550 380 .0960 4147 .156
1 .8575 382 .2698 3177 .416
1 .8600 384 .4540 3207 .936

1 .8625 386 .6485 32-38 .71T
, .8650 388 .8534 3269 .761

1 .8675 39 1 .0687 3301 . O 71

1 .8700 393 .2945 3332 .647

i .8 1 25 395 . 53U7 3364 .493
1 .8750 397 .7775 3396 .610

1 .8775 400 .0349 3429 .000

1 .8800 402 .3029 3461 .666

1 .8825 404 .5815 3494 .608
1_ 8850 406 .8708 3527 .830

1 .8875 409 .1708 35A'1 *333
1 .Q00 41 1 4A16 "4595 .1-20

1 ,892 413 .8032 3629 .192

1 .89,50 415 . 1357 3663 .551

1 .8975 418 .4790 3698 .201

1.9000 420 .8332 3733 .142

1.9025 423.1984 3768.377

1 .9050 425 .5746 3803 .908

1 .9075 427 .9618 3839 .738

1 .9100 430 .3601 38"7 5 .868

1 *9125 432, 7696 3912 .300

1,9150 433.1901 3949.038

1 .9175 437 *L219 3986 .083

1 *9200 440 .0649 4023 .437

1,9225 442,5192 4061 .102

1 9250 444 ,9848 4099 .082

I *9275 447 .4618 4137 .377

1 *93C0 449,9501 4175 .99 0

I .9325 452 .4499 4214 .926

1 .9350 454 .9612 4254 . 184
1 .9375 457 4840 4293 .7r,'Y
1 9400 460 .0 183 4333 .677

1.9425 462,5643 4373 .918

1 .9450 4 55. 1 2 1S 441 .. 491

1 .9475 467 .69 11 44e5 .399

1 .9500 470 .2721 4496 .645

1 .9525 472 ,8649 4'S.. , d:4U
1 Ws5r0 475 .46.94 4580 , 157
1 ,95"1%- 478 .0858 4622 .428

1 ,9sO0 48 V, 7 14I 46165 .0,4 7

1 .962- 483 . AI4 3 4708 ,014

1 .9650 486 .008-. 4751 .334

1 . 967 7 5 4 A8 .6707 4795 .009
1.9700 4W1 346So 4839.040

1 .9725 494 .0353 4883 .431
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Table 3 (Continued)

(d) - l.0200 4 3.1250

I1P so75 496 F *7 4IS7 49 28 ,*184

1 .9800 502 " 1733 5018 .787

1 .982- 504 . 9104 5064 .641

1 E 985a 0 507 6599 T51 1 0 . 8F

1 .9875 510 . 421 7 51 7 470

1 9900 513 .1959 5204 , -150

1 .9925 515 9825 5251 .810

1 .9950 518 7816 5299 554

1 *9975 521 .5932 5347 .682

,*0000 524 . 4 1'4 5396 .200

2. 002s, 527 .2542 5445 .108

2.0050 530 1037 5494 411

2 ,0075 532 .0658 5544 . 110

. 0100 535. 8 407 ; 5.9 -1 .209

. 0125 538 7283 5644 .709

2 .0150 541 . 6288 5695 .615

2.0175 544 .5421 5746 ,929

2 .0200 547 .4b84 5798 .653

2 .0225 Z 5 0 .4076 5850 .791

2 0250 553 .3598 5903 .345

2 .0275 55f .*3250 5956 .319

2 .0300 559 .3033 6009.715

2 . 0325 562 *2948 6063 .536

2.0350 5695 2994 6117 .785

2 *0375 568 .- 1173 6172 .465

2 *040 J 57 1 .3484 6227 .579

2 ,0425 574 °3928 6283 . 130

2.0450 577 .45U6 6339 .121

2 .0475 50 . 5 1 6395 . 555

2.0500 583 .6064 6452 .435

2 0525 " . -r U M509 *7,64

2.0550 589 8162 6567. 546

2 0575 592 S0414 662 S .782

S. 0600 596 . 0 8(U3 6684 .473

2 .0625 599 .2328 6-f, .3 . 34

2 . 0550 602 .3990 68r3 .256

2 . 0675 605 579'0 663 .".345

2 . - 00 b 08 .77'-,8 69 .3"4 . 90S

2 .0725 61 1. 98 U5 0 9A4 .939

2 .0750 6 1I .020 7046 452

2 0 75 E 18 .437-- 7 108 .4,; 4

S.080 21 6870 7 "'/ 0 . 921

. 0900 63- 4 * 8 59 7 n. . 7JJ
, 0 .'9 P C; Q," _'1 r -1 2 9-, "t ' i . 3 37 9

.09 *1 W 0 7 .6

L - !7:, 0, 1 1 .*4 75 '.1?6
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Table 3 (Continued)

(d) - 1.ozoo 4 3.1z50

64 Ys

2 .0)75 644 .*892 7622 .087

. 1000 f48 .1Q )3 76n8 .555

2 . 1025 651 569a 7755 .537

2. 10so 654 .96 18 7823 .037

2 1075 658 .3683 7a91 .058

2 * 1100 66 1 7 A 93 7959 .603

2 1125 6.65 .2249 8028 .676

2. 1150 668 .6752 8008 282

2 *1175 672 140; 81 1-8 .422

2 .1200 675 .6'10 8239 101

2. 1225 679 .1145 8310 .322

2* 1250 b8 2 .6239 83S2 .019

2 1275 E86 . 1 -181 8454 .406

2 . 1300 689 .6S73 8527 .276

2.1325 693 .2415 8600 .703

2. 1350 696 . A 1(.)7 867 4 . 690

2 . 1375 700 3950 8749 .24 1

2 1400 703 . 994 3 8824 .361

2 1425 707 .6091 8900.052

• 1450 711 *2389 8976 .319

2 1475 7 14 A84 1 9053 .165

2 1500 71 A 5445 9130 .594

2 . 1525 722 22U3 9208 61 0

2 1550 7 5 .91 16 9287 .217

2 .1575 72 .b183 t366 .418

2 160C 7 :1- .3406 9446 .219

2 .1625 737 .0784 9526 .621

2 . 1650 740 . 1319 9607 .630

2 . 1675 744 .6010 9 89 .249

2,1700 748 .3859 9771 .483

.e ** 25 *; c ... ;

. 17'0 756 .00,30 v937 .810

,1 " 75 73 c4 .9 354 10021 . 1

2 1800 76 :'- ., 6E36 10106 .64
2 . I b ;.- 7 1-, 7 • ."'47-4 10 19 2 . 0 0('

2 1850 771 . 4 2 2 102 7.5 .01

Z, 1875 775 .3 2 4 r!,  10-P64 .66

2, 190 779 .2370 104. '1 .9 5

2 192 783 . 1656 10!)39 .90

2 1950 7$ 1105 10628 .50

2 197 C;, 7S) 1 .07 17 1 0717 75

2 .20Qf.) 795 .04 2 10807 .S9

2 .7025 7' 0431 1 U898 .28

2 205 5 11,03 0T; 14 109, S9 .54

2 20,1 b 0 7 *0 p U,. 11081 .4

;, , 100 .s 11 . I 36 11 1"74 11

1 8 1 C3 I P.--16 1 1267 .42

- *21 () r- 1 9 ;. .!'0 2 1 1LC 1 .42

. . 1"t8 2:4 . 3 *1 1 1 4 SO II
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TAble (Couttued)
(d) - 1.02004 • 4 3.1250

2 .2200 827 .4635 11551 .50
2 .2225 831 5903 1 1647 .60
2 .2250 835 .7340 1 1744 .40
2 .2275 8.39 .8946 1 1841 .92
2.2300 844 .0722 11940 .15
2 .2325 848 .2667 12039 10
2.2350 852.4784 12138 ,8

2.2375 856.7071 12239.19

2 .2400 860 ,9530 12340 .34
2 .2425 665 .2162 12442 .22
2 .2450 869 .4966 12544 .85

2 .2475 873 .7943 12648 .23
2 .2500 87A . 1094 12752 .37
2 .2525 882 .4420 12857 .26
2 .2550 886 *7920 12962 .91
2 .2575 891 *159s 1 30699 . =4
2 .2600 895 .5448 13176 .53
2 .2625 899 .9477 13284 .51
2 .2650 904 .3682 13393 .26 ,
2 2675 908 .8065 13502 .81
2.2700 913 .2627 13613 .15
2 .2725 917 .7366 13724 .28
2.2750 922.2286 13836.22
2 .2775 926 .7384 13948 .96
2 .2800 931 .2664 14062 .52
2 .2825 935 .8124 14176 .90
2 .2850 940 Z'765 14292 . 10
2.2875 944.9589 14408 .12
2.2900 949 .5595 14524 99
2 .2925 954 .1784 14642 .68
2 .2950 958 .8157 14761 .23

2 .2975 963 .4714 14880 .62
2 .3000 968. 1456 15000 .86
2 .3025 972 .8383 15121 .97
2.3050 977 .5496 1524-3 .93
2 3075 982 .2795 15366 .77
? .*3100 987 .0281 54 ;0 .49

* .3125 99 1 .795w 156153 .08
2 .3150 996 .58 17 15740 .56

2.3175 1001 .386 15866 93
2 .3200 " 006 .210 15994 .2tC
2 .3225 1011 .053 16122 .37
2 .3250 1015 .915 16251 .45
2 *27 20 .796 .68i 45
2 330C 1025 .697 16512 .36
2 .3:325 1030 .616 ' 6644 .20
2 .3350 1035 .555 16776 .97
2 .3375 1040 513 16910 .67
2 3400 1045 .49U 17045 32
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Table 3 (Continued)

(d) -- 1.ozoo 3.1250

e 64 Y

2 .3425 1050 .487 1 7180 .91

2 .345C 1055 .504 17317 .46

2 °3475 1060 .540 17454 .96

. 3500 1065 .595 17593 .43

2 ,3525 1070 .670 17732 .88

2 .3550 1075 .765 17873 .29

2 .3575 1080 880 18014 .70

2 .3600 JC86. 015 18157 .09

2 .3625 1091 169 18300 .47

2 . 3650 1096 .344 18344 .85

2 .3675 1101 .538 18590 .25

2,3700 1106,753 18736.65

2 .3725 1111 .987 18884 .07

2 .3750 1117 .242 19032 .52

* 3775 1122 0517 19182 .00

2 .3800 1 127 .813 1 9 :3 32 .51

2 .3^25 1133.129 19464 .07

2 .38tb 1130 .465 10636 .68

2 .3875 1 143 .822 19790 .35

2 .3900 1149 .199 19945 .07

2 .3925 11%4.597 20100.87

2 .3950 1 460 .0 15 20257 .74

2 . 3975 1165 .455 20415 .69

2 4000 1 171 .915 20574 .73

2 .4025 1176 *396 20734 .86

2 .4050 1181 .898 20896 .10

2 .4075 1187 .421 21058 .44

-% . .1 n 1192 ,F65 2122.1 .90

2 .4125 1 198 53u 21386 .47

2 4150 1204 116 21552 .18

2 .4175 1209 .724 2171 .0 i

2 .4200 1215 352 21S^6 .99

2,4225 1221 .002 22056.11

2 .4250 1226 .674 22226 .39

2 .4275 1238 .001 22397 .83

2 .4300 1238 .081 22570 .44

2.4325 '1243 .817 22744 .22

. .4350 1249 .575 2291'-".18

2,4375 1255.354 23095.33

2 .4400 1261 .156 23272 .68

2 .4425 1266 ,79 23451 .2.

2 4450 1 e72 .824 23630 .99

2 4475 1278 ,6"1 2381 1 .96

2 .4 U0 1284 .579 239S 4 . 6

2 .4525 1290 .490 24177 .58

2.4550 1296 424 24362 .25

2 .4575 1302 .379 24548 16

2 4600 1308 .*3
7  24735 32

2 .4625 1314 .357 24923 .75

361 WADC TR 54-279



Table 3 (Continued)

(d) - 1.ozooS E 3.125o

'4 Ys
• . 46SO 310 .379 2 113 44

2 4675 1326. 424 25304 40

2 .4700 133 *.491 2t-496 64

2 .4725 1338 .581 25690 18

.2 .4750 1344 .69A 25885 *01

2 .4775 1350 .629 26081 1 A

2 .4800 1356 .988 26278 59

2.4825 1363 .169 26477 35

2 .4850 1369 .373 26677 .44

2 .4875 1375 .59c? 26678 .87

2 .4900 1381 .849 27081 .63

2 4923 1388 .122 27285 .75

2 .4950 1394 .419 27491 .22

2 .4975 1400 .738 27698 .06

2 .5000 14071 .081 27906 .27

2 .5025 1413 .447 28115 .87

2 .5050 1419 .837 28326 .85

2 .5075 1426 .*250 S:3 9 .23

2 .5100 1432 .687 28753 .01

2 .5125 1439 .147 28968 .20

2 .5150 1445. 631 29184 .82

2.5175 1452.139 29402.87

2.5200 1458.670 29622.35

2 .5225 1465 .226 29843 .27

2 .5250 147 1.805 30065 .65

2 .5275 1478 409 30289 .50

2 :S300 1485 .036 30514 .81

2 .5325 1491 .688 30741 .G0

2 .5350 149 .*364 30969 .87

2 .5375 1505 06A 31199 .64

2 .5400 1511 .789 31430 .92

2 _5425 1518 538 31663 70

2 .5450 1525 .31 1 31898 '01

2.5475 1532.109 32133.85

2 .5500 1538 .932 32371 .22

2 .5525 1545 .779 3261 0 14

2 .5550 1552 .652 32050 G 1

2 . 5575 1559 .549 33092 .65

2 .5600 1566 .470 33336 .26

2 5625 1573 .417 33581 45

2 . 5&,5C 1 .;0 389 33828. . 3

2 .5675 1587 .386 34076 .*G 1

2 *5700 1594 .408 34326 .60

2 ! 7;.- 1601 b 4 a;4 - 34578 .20

2 5 75 1608 .529 -413 1 .43

2 .5775 I G 15 ,62:7 :A50 86 .29

2 .5800 " 6' 2 7 E C 35342 .80

2 .*825 1629 .399 35600 .96

2 .5850 1637 .074 35860 .79
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Table 3 (Continued)

(d) - l.0z00 3.1250

64 Ys

Stj A7 5 1644 .274 " 6122 .28

' * 900 165 1 •501 3 4M5 .46
5 4 2% 1 Es5 • 7 ) 36650 . 32

2 .)i0 1666 a 3 U 36916 .89

:-' t, 75 1-7 3 334 -371A S 16

2 .6000 1b80 ,663 374-5 .16
2 602z5 1688 .0 i .3"7 726 87

2 b OO 169-5 401 38000 .33

2 .6075 1702e .*809 A8275 .53

2.6100 1710.244 38552.50

2 .6125 1717 .704 38831 22

2 .6150 1725.192 39111 72

2 * f175 1 -f 32 .705 393c 4 01

2 .6200 1740 .245 39678 .09

2 6225 1747 .- 12 39963 .98

2 6250 1755 4 0 40251 .68

2 .6275 171.-3 026 40541 .21
2 6300 1770 .673 40832 .57

S.6.25 1778 .348 1 125 .70

2 .6350 1786 .049 41420 .84

2 .6375 17Q3 .777 41717 77

2 6400 1801 .532 4201 . 57

2 .642S 180_S .5 1:) -2317 .26

2 .6450 1817 .125 42619 .8t

2 .6475 1824 .962 42924 .33

2 .6500 1832 .827 43230 .74

2 .6525 1840 . 719 43539 .07

2 .6550 1848 .639 43849 .34

2 .6575 1856 _-,A6 44161 .56

2 .6600 1864 .561 44475 74

- .6 2 a1 e7 '> v_ vA44 FC t

2 .6650 1880 595 451 10.00

2 . 6675 188 e 653 4 to430 12
2 .6700 189 f .*740 457-2 .23

2 .6725 1904 .855 46076 .36

2 .6750 1912 .998 46402 5 1

2 . 6775 1,921 . 169 4 6771 . 9

2 .6800 12q .368 47060 91

2 ,6 5 - T * . - 59j 47393 .19

2 . 680 1945 .853 47727 .54

2 . 687 -  1954 .138 48063 .96
2 .6900 1962 .45 1 40440' - A ,- -*k-

6925 1970 .793 48743 09

2 69!i0 1979 . 1It .4 4q085 '31
2 .697- 19f7 564 49430 .65
2 .7000 19.-95 .993 .. * .77 7.63

2 .7025 20 0 4 L O0126 .75

2 .7050 2012 *937 7,0475 0:3
2 .7075 2021. 4b3 50831 .47
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Table 3 (Continued)

(d) - 1.0200 = 3. 1250

64

2 .7100 2029 .998 1 1837 *10

2 .7125 2038 .572 51544 .91

2 .7150 2047 .176 51904 .93

2 .7175 2055 .809 52267 .16

2 .7200 2064 .471 52631 .61

2.7225 2073 16' 529T8 .31

7 .7250 2081 .885 53367 .25

2 .7275 2090 .637 53738 .45

2 .7300 2099 .418 5A111 .93

2 .7325 2108 .230) 54487 .69

2 .7350 2117 .071 54865 .7A

2 .7375 2125 .942 55246 11

2 .7400 2134 .844 55628 .80

2 .7425 2143 .775 56013 .82

2 .7450 2152 .737 56401 .18

2 . 74"F5 2161 .730 56790 , 91

2 .7500 217 0, 752 57183 .00

2 .7525 21 79 .806 575"7 .48

2 .7550 2188 .889 57974 .315

2.7575 2198 .004 58373 .63

2 .7600 2207 .149 58775 .33

2.7625 22",6.325 59179.46

2 .7650 2225 .532 59586 .04

2 .7675 2234 .770 59995 .07

2 .7700 2244 .039 60406 .58

2 .7725 2253 . 33S 60820 .57

2.7750 2262.C71 61237.05

2 .'f775 2272 .033 61656 .05

2 .7800 2281 .427 62077 .57

2 .7825 2290 .853 62501 .62
p -7- 0 . 3 1 u 62920 .22

2 .7675 2309 .798 63357 .39

2 .7900 2319 .319 63789 .13

2 .7925 2328 .871 64223 .46

2 .7950 2338 .455 64660 *39

2 .7975 2348 ,0 7C 6509 ? .93

2 8000 235-7 . 718 6554 V . 11

2 .8025 2367 .398 6598 i .92

2 .8050 2377 . 1 IC 66434 .40

* .8075 2386 . 855 66884 .54

2.8100 2396 .632 5733 7 . 3

* .8125 24015 .441 67792 .88

s10 2416 .282 68251 . 11

. "lft 2426 .156 68712 .07

2 .8200 2436 063 691 7". .77

*2. 0;!25 2046 .003 69642 .21

2 .0250 2 4 .; " .975 70111 .43

2 .8275 246-5 .981 70583 .42

2 8300 2476 .0 19 7 1058 .21

WADC TR 54-279 364
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Table 3 (Contibnued)
(d) - l.0200 4 g 4 3.1250

64 ysr

4' WG -46 091 7W 5 V1
2 *837,0 24 306 1 1.5 S. 72016 . -1

2 .8375 2506 .3 3 72499 .49

2 .45400 2-516 504 72 85 .61
2 *842- 2526 .708 73A14 .58

2 .845 0 2536 .*946 73966 . 44

2 ,8475 2547 .218 74461 .20

2 .8500 2557 ,523 74958 .86

2 .8t525 2567 .862 75459 .45

2 .8550 2578a . 2"35 75962 .99

2 .8575 2588 .64 1 76469 .47

2 .8600 2599 .082 76978 .93

2 .8625 2609 .557 77491 .36

2 .8650 2620 ,065 78006 .80

2A675 2630.608 7852 ' 5.26
2 .8700 2641 .186 79046 .74

2 .8725 2651 .798 79571 .27

2 •8750 2662 .444 80098. .5

2 ,8775 2673.125 80629.52

2 .8800 2683 .840 81163 .28

2 .0825 2694 .590 81700 . 14

2 .8850 2705 .375 82240 .13

2 .8875 2716 .195 82783 .25

2 .8900 2727 .050 83329 .52

2 .8925 2737 940 83878 .97

2.*8950 2748.*865 84431 .60

2 .4975 2759 .826 84987 .43

2.9000 2770.821 85546.47

2 9.025 2781 .852 86108 .75

2 *--s 2 -7 91>.Q 9 86674 .28

2 .9075 2804 .021 87243 .08
2 .9100 2815 .159 876.5 .15
2 .9125 2826 .333 88390 .52

2 .9150 2837 .542 88969 .21
2.9175 2848.788 8953-51 23

2 9200 2860 .069 90 13.,G .59
1 , 9225 2871 .387 90725 .31

2 .9250 2882 .741 913 .7 .42

2 . 9275 2894 ,131 9 1T 1 2 .92

2 .9300 290-3 .557 0251 1 .84

2.9325 2917.020 93114.1.

2 .9350 :928 .519 93719 .97

. ) .A'1 5 2940 .056 94329 .23

2 .9401 "  2951 *628 94941 .97

2 * 942b 2963 .238 -4'5558 .20

2 * 9450 2G7 4 . 8'4 !;6 1 77 .95

2,9475 29e L . 568 96801 .23

:? W 5 L)Q ; ;-IQ-! 7428 .06S

2 9525 30 10 .046 98058 .46
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Table 3 (Coiitinuei)

(d) - 1.0200 t, 3.1250

2 .9550 3021 .841 98692 .44
2 '.9575 3D0 33 .674 0.0320 .03
2 .9600 3045 .543 99971 .23
2 .9625 30-7 .451 100616 .0
2,9G50 3069 395 101264 .5
2 .9675 3081 .378 101916 .7
2 .9700 3093 .398 102572 .6
2.9725 3105 .457 103232 1
2 .9750 31.17 .553 10 3895 .4
2 .9775 3129 .687 104562 .4
? .9800 3141 .859 105233 .3
2 . 98 25 3154 .0 70 10590"7 .8
2 ''8bO 3166 .319 106588 2
2 .9875 3178 .606 107268 .4
2 .9900 3190 .932 107954 .4
2 .9925 3203 .*97 108644 .3
2 .9950 3215 .700 109338 . 1
2 .0975 3228. 142 110035 .8
3 .0000 3240 .623 110737 .3
3 .0025 3253 .143 111442 .8
3 .0050 3265 .701 112152 .3
3 .0075 3278 .299 112865 .7
3 .0100 2290 .937 113583 . 1
3 .J125 3303 .613 114304 .5

3 .0150 -1 .329 115029 .9
3.0175 3329 .085 115759.4
3 *0200 3341 .880 116492 .9
3 .:b225 3354. 715 117230.5
3 0250 3367 .589 117972 .2
3 0275 3380 .504 118718 1
3 .0200 3393 .458 119468 .0
3.0325 3406.453 120222.2
3 .0350 341 ).488 120980 *5
3 0375 3432 .562 121743 .0
3 .0400 3445 .678 122509 .8
3 .0425 3458 .834 1;- 328C .*8
3 0450 3472 .03u 124036 .0
3 .04"75 3485 .267 1248 35 .5
3 .0500 3A98 .544 125619 .4
3 0525 35i 1 .63 '26407 .5
3 0550 3525 .222 -27200 .0
-3 0575 3538 .623 127996 .9
3 C0600 - t . f 7.A I
3 062i 3565 .- 47 iP9603

03I 0Il:.5 c 3579 .07 ! 130413 9
3 06i5 3 b 36 1: "1225 .4
3 0700 3606. 243 132047 
3 *0725 3619 .891 132870 8
•3 0"1o0 3633 .582 13.;698 .*8
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Table 3 (Continued)
(d) - 1.02O0 3.1Z50

64 ys

3 0775 3647 ., 13 134.:3 1 3

3 0800 3661 .087 135368 .4

3.0825 3674 .903 136210.0

3 0850 3688 .761 137056 . "

3 0875 3702 .661 137907 1
3,0900 3716 .603 138762.G

3 0925 3.730 .587 139622 .7

3 0950 3744 . 614 140487 .6

3 0975 3758 .684 141357 . 1

3 .1000 3772 .796 142231 .3

3 .1025 3786 .951 143110 3

3 .1050 3801 .149 143994 .1

3 1075 3815 .389 144882 .7

3 ,1100 3829 .673 145776 .0

3 ,1125 3844 .000 146674 .3

3 1150 38-58 .370 14757.7 .3

A II s 3872 . 7A3 148485 .3

3. 1200 3887 .240 149398 . 1

3 .1225 3901 .740 150315 .9

3 1250 3916 .284 151238 .6

WADC TR 54-279



Table 3 (Continued)

() - o.Z000 46 4 3.lzso

.01 5-n .702664

.0200 693904 1 .312407

- 0250 .685364 1 .2,73504
- .0300 .677039 1 .235006

- 0350 060604,b " I * j 0o* a m
- .0400 0661034 1 • 163633

- 0450 o653357 1 . 1 29022
- .0500 0645844 1 .095735

- 0550 0638549 1 .063290

- .0600 . 63 1470 1 .0 t64 1 #SO
- .0650 0624571 1 .000076

-- 0700 tb 1765- .971406
-- 0750 *611341 .942516

- .0800 *605004 .914504

- .0850 .596652 .67289
- .0900 .592868 .860629
- .0950 .587096 .839,140

1000 .581481 .810180

- *105A .*576041 .705920
- 1100 *570770 .762340

.1150 .565668 .739430

- *1200 *560729 .717170

- .1250 55 59 7' .695510

- 1300 *551346 .674444

- 1350 .546P97 .653961
- .1400 .542602 .634040

- 1450 .5"8463 .614659
- 1300 .534475 .595602

- 1550 o530639 .577453

- *1600 .526952 .59.9571

- 1650 .523413 .542202
- . 1703 .S20018 5 5283

- .1750 .516-767 .508782
- 1iOU .513657 .492T71

- .1850 .510687 .477067
- *1900 .507855 .461814

- .1950 .5051se- .446947

- 2000 .5025 i8 .432450
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il

Table 3 (Ctemtued)

(e) -0.2000 .4 3.1ZS
Os 65

.0125 .754925 1 .619790

o15o 7roo3 1 6147 o

•175 765 196 1 * 444 n

020o0 .770424 1 47a

.0225 0775718 1 *478o
•0250 *781071 1 4 70496

•0275 *786487

.0275 .791968 1 773151

0300 79"512 1 ,800069
.0 25." 9 1 .027404

• 0350 08031 191.6 5 7

.0375 0808793 1 •aa33874

0400 .8 - 4533 -1 So 12020"

.0425 .8203385 -1 .941 069

0450 8262104 
194 1089

*047 8 321496 
1 0604

0500 *8381566 2.0000

0525 ,8442318 2 .030058

0550 8503759 
.2 06 1976

0575 ,656O96 
2 .093382

S0500 *8626728 2 .125272

.0600 .869223 2 .157651

.0625 8726 2 .190541

.0650 .87565092.23 
8

*0675 882 1472 2 223983

.0700 :8887 11.A, 2 .2578 

.0725 8953565 
2 .292296

0750 9020708 
2.327256

C 7 7 5:9088580 2 .362795

.0800 .9 157213 2 .35506

.0o 2 -: 9226588 2.435506

.0850 .9296720 2 .472692

.0875 *9367613 2 *510499

*0900 9439274 2 .*' 4887 1

.0925 .951 1710 2 .527843

.0950 .9584926 2 •*"67615

0975 .965 929 2 7084 3

1000 .97337 5 2 7498 4

1025 .9 809320 
*r 7419 94d

10 50 9 88 "t3 720 2 .34 975-

1075 .9962931 2 .878184

.1100 .,004096 2 .8;Z1A4

1125 1.011981 2 .967077

1 15. o .19 950 2 .96707

1175 1 .02#002 3 .0 12 4-

*1200 1 .0361219 3 * 0 587F.8

S1225 1 .04'361 
J 1 5689

1250 1 0 2669 
3 * 1 53341

1275 I 061063 3.201717

1300 "I *•0954 
3 2508.88

.1320 1 .078113 3 .30080-
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Table 3 (Cinus4A

e li~u 
em -

t4

I 6o867-1 3 .3 51
*13-7- 1 •o9551S 3.402963 7O;0 355 e 3 .•4 5 5 zi r

1400 1104353*1425 1 *119282 3 .o
8

1 4_ 3 0 5 6 2 31, iS
+• 1 •122301

14 75 I .131412 36 7

*0soo 1 *14061is 3 67r29" 24 T

1525 1 •1499 14 3 .r 6 V6 
+

1550 *159305 3 -' 6604

1575 1 l68792 3 .903060

1600 1, 178374 3 .964165

1625 118053 4 *0 25207

.1650 1 .197830 4 087201

1675 1 .207704 4 *150169

1700 1 217677 4 214102

1725 . 227750 4 ,27042

1750 1 237923 ,4 .3448 9

I 1775 1.248198 4 . 344

1800 1 25854 4 4 11964

*1825 1 *,269053 4 .548044

1850 1 .279636 4 .619219

1875 1 .290323 4 .690463

1900 1.301115 4*,62045

1925 1 .312013 4 .8628 15

195)0 1 .323018 
4 ,16295

9"75 1 .334131 4.910917

2000 1 o34 535 65

*202 - *356683 5 131657

2050 1 368 123 5 214181"

.2075 1 *379675 5- 311 1

2100 1 391339 5 .30173

,2125 1 .403115 5 ,383639

.2150 1 .415006 5 .St1174

.21 7 5 1 .427010 5 . -36 89
7

2200 1 439 131 5 .63689

2225 . 4513et ,: .812350

2250 1 463721

227, 1 .476193 5 902120

2300 1 .488783 5 992280
3"--' 1.501494#- r ,. 

5 5

.350 1 514326 6, 1798,9

2350 1 S27279 5.2r312. 3 -. % 1 3"' 7 2 2 59
24001 , 40.'J556 ,*372253

2 A 0. 1 540 03 55 6 470684

2 4 ;1 535 6 b7Of6 3 6

245~0 1 *5r668 79 6 -11

*24 75 1 .580329 6 672119
, 50 59390b 6 7751

, tt 1 , Q7610 6 .b7985

2 
146 42 

29
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Tahle 3 (Continued)

(e) -0.2000 4 ( 3.1zso

05 05

.2575 1. 635404 7 .093030

.2600 1 *649496 7 .203610

.2625 1 .663720 7 .314871

2b50 , .678076 7 .427041

.267.5 1 *69256t, 7 *542:=2

.2700 1 .707 189 7 .65s8023

.2725 1 .721948 7 .777293

2750 1 .736844 7 .897355

.2775 1 .751877 8 .019247

.2800 1 .767049 8 . 143029

.2825 1 .782360 8 .268761

2850 1 .7978 12 8 .396425

.2875 1 .813405 8 .525006

02900 1 .. 829141 8 .657573

*2925 1 845021 a .790153

.2950 1 .86 1046 6 .9267--A

.2975- 1 .8772 16 9 .064474

3000 1 .893.j3
4  9 .204276

.3025 1 .909999 9 .346213

3050 1 .926614 9 .490318

.3075 1 .943380 9 .636618

.3100 1 .960296 9 .785151

"3125 1 .977365 9 .935949

.3150 1 .994568 10 .08903

*3175 2 .011965 10 .24446

*3200 2 .029499 10 . 40224

.3225 2.047169 10.56242

3250 2.065038 10.72504

3215 2 .083046 10 .69012

*3300 2 . 101215 1 1 .05771

3325 2 . 119545 1 1 .22784

3350 2 . 1 38038 1 1 .40054

*3375 2 . -56695 1 1 .57587

3400 2 .175518 11 .75384

*3425 2 . 1S4:. 0 7 1 1 .934S0

*3450, 2 1 36C4 12 .1 1789

3475 2 ..- 3 218 9 1 -,3030.5

300 2 . 252485 12 .49202

.3525 2 .272 1 52 12 .68485

3550 2 . 29 1 I 1 12 . 87952

*3575 2 .312005 13 .07718

.3600 2 .332193 1 :3 .27779

.3625 2 . 352558 1 - .48142

3650 .?-73100 13 .68810

.3675 le *3s:-821 13 .897 9

3700 . ,414722 4.11082

*3725 2 *435805 14 *32b95

*3750 2 .457.070 14 .54631

.: *75 2 .478519 14 .7689i,
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Table 3 (Continued)

(e) -o.2ooo 4 3.1ZSO

13025 
'90

:3 a50 2 .4Lr9 2

3925 2 41 1 151 .6 423 3

3 95 0 2 a633925 .16 o67395

"3975 2 .56s9 1 6 .92830

4000 2 .680058 1 18642

.4025 2 .0341 
17 1448

4050 2 .726980 17 - . 7142 21
• 4075 2.750740 17.98398
. 4100 2 .774702 18 .25774

•412 5 2 .798067 1s 8.534

4150 2 .82323C0 1. #817A

. 175 2 .8470811 I .10352

4200 2.872592 19.3384225 2 .897683 19 .39381

4225 2 19 .6 083G
. 4250 2 9we 816 19 .98726

•4300 2 .9738 19 20 .29065

•4325 2 .99965'7 20 .59820

.4350 3 .025712 20 .91056

.4350 .051983 21 .227-40
S4375 -3 .0-71547/4 21 . 54688

4400 
3 105184 

21 .87440

4425 3*058 22 .20503

4450 3 o1321 16 22 S4183
•,475 3 1592712 54183

450 3.186651 22.88252

4500 3 .214257 23 .22819

4525 
3 .242091 

23 .57888

45 3 23 93369
,4753*27015-4 

2.96

*4600 3 .298448 24 29S65

46003 .326974 24 .66190

*4625 3.355734 25.03
- '* 4

46 95 51- r 2 9 25 . e, 10 3"7

4675* 23.79276
• 4700 3 413961
S4725 3 .443432 26 . 5798

•4 03 473";43 
23 .57421

• 4750 3 3. 4 ">6 9 7344

. 47 75 3 .. 03095 27.37841

4800 3 .533291 27 . 7C41A e ?. C:, 3 .5 6 3 73 1 2 8 .2 0 5.9 C'

_- 
3 ~ 28 .20596

4850 :3 594419 28 .62869
4875 3 .625354 29 .05749

*4900 3 , 653-9 2 0 .49246

A925 3 687975 29 933467

4950 3 719665 q9 .- 38157

4975 3 ,751609 "3 0 . 8 1 1
=,O0')C) 3 ,783809 30 , 8 1 3
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Table 3 (Continued)

(e) - 0.2000 < 3.i250

.5025 3 .816267 31 .29555

.5050 3 .848985 31 76S 25

.5075 3 .881965 22 .23623

.5100 3 .915207 32 .71665
,5125 3 .948714 33 .20392
.5150 3 .982487 33 .69812
*5175 4 .016529 34 .19935
.5200 4 .050840 34 .70766
*5225 4",085423 35.22324
.5250 4 .120279 3C .74608
5275 4 .155410 36 .27636

.5300 4 . 19081,-. 36 .81412

. 532C 4 .226504 37 .35947

.5350 4 .262471 37 .9 1252

.5375 4.298720 38.47337

.5400 4 .335252 39 .04211
•!:425 4 .372070 39.61885
.5450 4 .409176 40 .20369
.5475 4 .446570 40 .79575
.5500 4 .484256 4 1 .39811
=5-'m 4.522234 4 2.00790

.5550 4 .560507 42.62621
*5575 4 .599077 41 .25316
*5600 4 .637945 43 .88889
*5625 4 .677113 44 .53346
.5650 4 .716583 45 .18601
.5675 4 .756356 45 .84965
.5700 4 . 796436 46 .52147
-5 7 ,:3 4 .836823 47 .20168

.5750 4 .877520 a7 .89330

.5775 4 .918528 4A .59249

.5800 4 .9598A9 49 .30334

.5825 5 .001486 50 .02205
. 5 8,50 5 .0'3439 :30.. 75266
.S875 5 085712 51 .49235
.5900 5 .128 30 52 .24722

9 6;5 . 1 71 22~ -- ;3 . 00 ?4 0
.950 S 214464 53 .77302

5 Z7 5 5 .2580"32 54 . 5473
,60 0 5 . 30192 55 . 3461A
.G6S'25 5 .346157 56 .14890

S 0150 5 . 390717 "96 .9 6265
.mu ,5 5 . 435612 57 . 78 '-=,

. 61 G0 5 .480844 5, .62361

.61215 9 .526415 59 .471 12

.6150 5 57:d 426 60 .33017

.617S 5.618580 .i 1 .20091• 6200 5 .*665179 62 .08346

.6225 5 .712124 62 .97799
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Table 3 (Conttinued)

(e) -0.Z000 4 4 4 3.1Z50

625 5 *7594 18 63 .88465

627! 5 .807064 
34 .5^03

6300 .855062 65.73493

.6325 5 g034 i 6- .67885

6330 5 .95"2125 67 .63551

•6375 6 .001195 68 .50404

6400 6 050626 
69 . 764

*6425 6 .100420 74., *56342

450 6 1505"79 71 .59261

.6475 6 .201 106 72 .61530

5500 6 .252003 73 •65 169

652~ 6 6303272 74 .70094

6550 6 . 3549 14 75 .76622

.6575 6 .40693
3  76 .84469

.600 6 459330 7 .93755

.1625 6 '512 107 79 .04494

,*6650 6 565267 80 .16708

.6675 6188 12 81 .30410

56700 6•67274 82 .45620

.6725 6 .727064 53 • 235

,6725 6 .78 1776 84 .80638

67506.s1-6786.0 
2

6775 6 *836882 87 .21808

6800 
6.892383 

a

,6825 6 .948282 89 .49579

btesso 7 .004582 89 .695"79

6, . 5 7 .061284 92 .*23107

6400 7 .1 '.391 93 .52 8

3925 7 .175905 93 .53428
• 907 *23 38 28 94 •.84748

6950 7 2328 96 . 17786

*6975 7 292 162 97 .52562

7000 7 ,350910 98 .89098

702 t5 7 e.10075 100 o2741

.7050 7 ,46965- 10 1 .6742

•7100 7 .590087 103 . 46

12 7 .&s0939 105 .*9881

7150 7 .71221P, 10 .

7175 7 77
- 927 107 464V

7 836069 10 8 .9586

.17200 7 898645 110 •47W4

7225 7 1 12 .00
= i6

*72. 961659"x 250 
1 305

-

5111
7,' 7' 11 a 0251 1 1 1 •

8 .089006 
1 7

73 25 8 153344 
1 .7 49

7350 8 .218130 1 1 8 .3386

7375 8 .283164 
19 .c730

7400 8 .i49049 12 1 6284

742 
4519 

123 .3049

740 
451784 

125 .0028

7, 54..79 374
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Table 3 (Continued)

(e) - 0.2000 4 C f 3.1250

, .54003as 126 .7223

*7525 8 O.84333 130 .2275

7550 8 752777 132 0136

*7575 8 .*21691 133 8223

*7600 a .82 1075 135 *6540

*7625 8 .960932 i 3 7 .- 0 9

*7650 9 .031266 139. 3872

.7675 Sp .102078 141 .7893

770' 9 .1'3371 143 2152

7725 9.245147 145 .1656

7750 9.317409 147.1395

7775 9.390160 14S.1401

.7800 9 -463402 151 .1649

78253 9 .537137 153 2140

78$0 9 61 1360 155 .200-

7875 9 *666098 157 .3924

7900 9.761329 1 59 .5204

V7925 .8 *370 F 5 161 .6749
.79250 9 .913306 163 .8562

.74759 .990057 166 .0647

S*000 1C .06731 168 .3005

.025 10 .14509 
170 . 5641

.8050 10 . 22::.8 
172 .8558

*8079 10.30220 175.1757

.nI00 10.36153 177.5243

.8125 10 *46139 179 ,9010

.8 "*:0 10 .54 178 82 . 3089

.817S 10 .62269 
184 .744

8200 10 .70414 187.2119

.8225 1 0 .78613 189 .7Co6

.8250 10 .86665 192 . 2367

.8275 10 .*5172 194.7943

.8300 1 1 03S32 197 .3838

e3 2 5 1 1 .11946 200 OOSO

e 350 1 1 .20418 202 .>518

8375 1 1 .28943 205J .3435

8 400 1 1 .37524 208 .0617

8425 11 .46161 210 .8128

.8450 11.54853 213 .5972

8475 11 .63602 216 .4154

. 00 "0 1 .72407 219 . 7.6a78

.8525 1 1 .81270 222 .1535

8550 11 .90189 225 .0761

a 575 1 .*99165 228 .0329

8600 1 2 .08200 213 - .0742

8625 1 2 .17292 234 .0!36

.8650 1 2 .26442 237 .1182

8675 1 2 .35651 240 .2196
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Table 3 (Cojitinued)

(e) - 0.2000 4 < 3.1250

8700 1 2 .44919 243 .3581
.8725 12 .54246 246 .5341
.87 5 ; 2 .63632 r.49 7481
.8775 1 2 .73077 253 .0004
.8800 12 .82583 256 .2914
.8825 12 .92149 25 .6215
.8850 13 .01775 262 .9912
.8875 13 .11462 266 •40-:7
.8900 13 .21210 269 .8508

.8925 13 .31020 273 .3416

.8950 13 .40891 276 .8736
,8975 13 .50824 280 .4473

.9000 13 .60820 284 .0631

.9025 13 .70877 287 .7214

.9050 13 .80998 291 .4227
,9075 13 .91182 295 .'1675

,9100 14 .01429 298 .9550
.9125 14 0 11740 302 .7880
.9150 14 .22115 306 .6667

.9175 14 .32554 310 .5897
09200 14 .43058 314 .5584
09225 14 .53627 318 .5733
.9250 14 .64261 322 .6349
.9275 4 .74960 326 .7436

.9300 14 85726 330 .8999
,9325 14 .96557 335 . 1044
.9350 15 .07455 339 .3575

.--- 75 15 .18420 343.6596

.9430 15 ,29451 348.0114

.9425 15 ,40550 352 .4133

.9450 15 .51717 356 .8658

.9475 1 .62951 361 .3694

.9500 15 .74 .54 365 .9247

.9525 15 *85625 370 .5322

.9550 5 .97065 375 * 1923
*9575 16 *08575 379 .905"P
.9600 16 .20154 384 .6729
*9625 16. 3180 389 .4943

S6.s0 1 6 .436--21 394 .370G
"9675 16 *55310 399 .3024

.9700 16 .67170 404 .2900
16 .79101 409 .3342

,9750 1 .. 91104 414 .435S5

. 9775 17 .03 -178 419 .5944
*9800 i 7 ., 15324 424 .8115
.98 2S 17 .27543 430 .0874
.9A-r 17 .39834 35 .4227
.*9l75 1 7 .52198 440 .8180

,9900 1 7 .64636 446 .273
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Table 3 (Continued)

(0) - O.ZO00 3. z5O

*992.5 1 7 .77 1 47 45 1 .7908
.9,950 1 7 .89732 4=37 .3696
.9975 18 .02391 463 .0107

1 •0000 18 .15125 468 .7148
1 0025 1 * 27 9 34 4-74 4824
I .0050 18 .40818 480 .3140

1 .0075 18 .53778 486 .2 1 1 1
1 .0100 18 .66814 49 . I If 15
1 .0125 18 :79925 498 .2016
1 *0150 18 .931 14 504 .2968
1 .0175 19 .06379 510 .4593
1 .0200 19 .19722 516 .6 .89
1 *0225 19 .33142 522 .9891
1 .0-50 19 .46640 S2Q D3579
1 .0275 19 .60216 535 .7967
I ,0300 19 .73871 - .3062

1 .0325 19 .87605 548 .8871
1 .0350 20 .014 18 555 5401
1 .0375 20 .15310 562 .2659
1 .C400 20 .29282 569 .0651
1 .0425 20 .43335 575 .9386

1 .0450 20 .57468 582 .*s 860
1 .0475 20 .71 ,83 589 .9 110
1 .0500 20 .85978 597 .01 13
1 *0525 21 .00355 604 .1887
1 .0550 2 1 .14814 611 .4439
1 .0575 21 .29355 618 .7776
1 * 06';0 21 . 43 V79 626 .1906
1 .4625 21 *58686 6-13 .6836
1 .0650 21 .73476 641 .2574
1 .0675 21 .88350 648 .91 Pk
1 .0700 22 .03308 656 .6494
1 .0725 22. 1'.351 664 471 1
1 .0750 22 .33478 672 .3757
1 .0775 22 .48690 680 .3649
I .0800 22 .63987 688 . 4396
1 .0825 22 .79371 696 • ,003

1 .0850 212 .94840 704 .*3484
I • 0875 23 .10396 713 1842
1 . OQOO 7 73 .26039 721 . 6087

1 0925 23 .41768 730 . 1226
1 . 0950 23 .5-7586 738 72f9

.0975 2-3 .73491 747 .4223
1 1000 :73 .8Q4 A 7 6 .2097
1 1025 24 .05567 765 .0899

. 1050 24.21738 774 .0639
1 1075 24 .37-499 783 . 1324
1 1I00 ;, .54349 792 .2964
1,1125 * ,078Y O 1 .566
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Table 3 (Continued)

(e) - 0.z00o ( 3.1250

93 075

*1150 24 .e7320 310.9141

141175 L) - IW94 1 820 .3696

I*1200 .a 2O000 'aa . g* I

1 122 E 25 .37458 839 . 57t3

* 1250 25 , 54354 849 .3336

1 12 5 25.713,42 85 • 1904

1 1300 25 .88423 869 . 1498

*1325 26 .05597 879 .2129

1 1350 26 .22864 889 .3804

1 1375 26 .40224 899 .6533

1 • 1400 26 .57679 910 .0326

1 1425 26 .75228 920 .5193

1 1450 26 .92873 931 *1142

1475 27 10612 9A1 .8185

1 1500 27 * 2844" 952 .6320

1525 27 4637 P 963 . 5 7

i1550 27 .64404 974 .5967

1 575 27 .82528 9 ft = .7479

1 1600 28 .00749 297 .0134

1 1625 28 .19001E7 1008 .394

1 1650 ?8 .37463 1019 .891

1 1675 28 .55998 1031 .505

1 1700 28 .74610 1043 .236

1 1725 28 .93322 1055 .090

1 1750 29 '12133 1067 .062

1 1775 29 .31044 1079 .157

1 1800 29 .50055 1091 .373

1 1825 29 .691G6 1 103 * 714

1 14 50 29 .88379 1116 .179

1 1875 30 .07692 1 128 .770

1 1900 30 .27107 1141 .488

1 1925 30 46624 1 154 .334

1 •950 3 o 66244 1 167 .309
1 •1975 30.5966 1180.415

1 .2000 31 .05792 1192 .651

1 .2025 31, 25721 1207 .021

1 :2050 31 .45754 1220 .525

1 ::o 5 31 .65Lq 1 1234 .163

1 .2100 3 1 . 6 3 3 1247 .937

1 .2125 32 . 06480 1261 . f49

I 21 .50 32 , 26933 1; 7 .899

2175 32 .47492 1290 .089

1 -4200 4 ,6 157 1304 .419

1 2225 .)2 88929 1318 7 892

1 2250 33 . 0- 808 1 33. 507

1 2275 ) 3 30794 1348 .267

i .. 00 3 3 ,5188A 163 173

1.2325 33 .7309 1 1 378 .226

I A5 0 -3 .94402 1393 .427

'. .DC r:4. '-279 378



Table 3 (Continued)

(e) - o.2000 < 3.1250

83 03

1 .237• 5 -34. 15022 1408 .776

1 .2400 34 .37352 1424 .279

1 . 24 P-5 34 .5 ''9 2 1439 .933

1 .. 2450 34 •8 0742 1455 .739

1 2475 35 .02;603 1471 701

1 .2500 35 .24575 1 487 .818

1 .2525 35 .46658 1504 .092

1 .550 35 68854 1520 .525

I P .575 35 .91161 15:17 .118

1 *2 I00 36 . 13582 1553 • 72

1 .2625 36 ,361 16 1570 .789

1 .2650 36 5 763 1587 .870

1 * F.675 36 .. 1524 1605 .116

1 .2700 37 ,04399 1622 .528

1 .2725 :37 .27390 1640 . 109

1 2750 .37 0495 16157 .860

1 .2775 37.73716 1675.780

1 .2800 37 .97053 1693 .875

1 .2825 38 20507 1712 . 141

1 .2850 38 .44078 1730 .584

1 .2875 38 .67765 1749 .204

1 2900 .38 ,QI,71 1768 .001

1 .2925 39 .15494 1786 .9-8

1 p 91-0 -19 .: 39536 1806 . 136

1 P975 39 63697 1825 .477

1 .:3000 39 .87978 1845 .001

1 4025 40 .12378 1864 .711

. -0o 4 6.1 9 _ 9 1884 .608

1 1 75 40 .615-40 1904 .694

1 .. 3 100 40 . 86302 1924 .970

1 3125 41 .11185 1945 .438

1 .3150 41 *3619 1 1966 .099

1 .3175 41 .61,319 1 96* 6 * 95;

1 .73200 4 1 . G CZ,. 2008 .007

1 .1225 42 1 1943 2029 .257

1 321mi 0 42 .374-1-0 20,50 .707

1 3,275 42 .63062 2072 .. J58

1 .3300 42 .88808 2094 .212

1 .3325 43 14678 .16 .271

1 .3350 A-4 .4067--1 213 8 . 3 5
1 . 3: i-J 43 .66796 J 161 .008

1 .- 4400 .9 A.) 4- 1 a a *6 S)

I :4425 e4.19-119 ±0 E t-7bZ-

1 . 3 4!-.0 44 .4 9P 1  : 2 .' .6 7

1 .- S475 44 72550 "2 , 3 a 0)9

1 f --- 1,)4 .4-.) w3 0 - .76 -5,4

1 2 . 4 . 2t61 S4.? 2. o 0 .Jo

1 : -,5 . a .:3207 - 1 4 .274

1 3575 45 a.03, i 2 48 .470
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Table 3 (Continued)

(e) - O.2000 3.1250

8 3 0 5
1 .3600 46 .07624 2372 .P89

1 362 16 .3502a 2307 .513

.•3650 46 .62562 24 2: .- 404

1 3675 46 .90227 2447 .503

1 .3700 47 .18023 2472.833

1 3725 47 .45951 2498 .394

1.3750 47.74012 2524.191

1 .3775 48 .02205 2550 .223

1 .3800 48 30532 2576 .492

1 .3825 48 .5899 2 2603 .001

1 .3850 48 .87587 2629 .751

1 3875 49 . 16316 2r5b .745

1 .3900 49 .45180 268 ' .984

1 .3925 49 .74179 2711 .470

1 .3950 50 .03315 2739 .206

1 .3975 50 .32586 2767 .192

1 •4000 50 .61995 2705 .431

1 .4025 50 .9 1541 2823 .925

1 .4050 51 .21224 2852.677

An • f s,51 * 5 .51045 2801 .G06

1 .4100 51 .81006 2910 .957

1 .4125 52 .11105 2940 .491

1 .4150 52 .41344 2970 . 2W)

1 4175 52 .71723 3000.355

1 4200 53 .022412 3030 .GSO

1 .422S 93 .3 29-C- 3u~ v ;

1 .4250 53 .63704 3092 . 174

1 4275 53 .946-7 312. .328

1 .4400 54 .23733 3 154 .760

1 .4325 54 .56961 3186 .470

1.4350 54 .88333 3218 .463

1.4375 55 .19P348 3250 .739

1 .4400 55 .51508 32$33 .301

1 .442 .*i s 3 ,rJ3 12 3316 .15"

1 .4450 56 .15261 3349 .291

1 .4475 56 .47355 3382 .*724

1 4U00 5,6 . 7 5 96 3416.452

1 . 4525 57 .11983 3450 .476

1 .4550 7 .44517 3484 .799

1 .4575 t7 .7719 35 1- .424

1 .4600 58 .10027 3 5!; 4 .3532

1 .*462 -5 58 .43005 3589 .585

1 .4"50 5 P, .761-41 3625, 1 .' .

1 *467 ~ 5S 0 t-40 7 3 6t0 b b2

1 .4 ?0 C, So .42, P3 3697 *147

1 .472 . 7-. . ;4 , 6j -t 3..73 .628

1 ,4750 60 .10131 :k770 .426

1 4 1"7 5 C) 44011 30 07 .545

1 .4800 60 .78040 3844 .985

WADC TR. 54-V?9 380



Table 3 (Continued)

(e) -0.Z0004 t4 3.1ZS0

.1 2; 242 1 3 38~ 2 750

.4 65t 61 4 46S455 too 2 0.0462

,eA75 61 81042 395 9264

4 9 0 0 62 • 1683 
098 017

1.4925 62.50477 
403 7.105

1 4950 62 .85426 4076 .530

4975 63 .20530 4116 .293

• 5000 t,3 .55789 4156 .399

1 5025 6:3 .91205 
4196 .k4-

15 0 0 64 26776 
423 7 .646

15075 64 .- 250
5  4278 .792

5100 64 .9 , 39 1 4320 .290

5125 65 .34435 
4362 . 143

5150 65 .70638 
4404 353

f .
44405 . 9 2 1

5200 66 .43520 
4489 .854

1 5225 66 .80200 4533 .150

1 5250 67 .17041 4620 .84

5275 67 .54043 
4620 .849

5300 67 .912
0 6  4 65.256

1 5325 68 28531 47 10 .039

r1 5350 6 66018 4755 .200

5350 6 668 4800 .742

1- 3 6 4846 669

1 5400 69. 414RI 
4846.9

1 n425 69 .79458 
4892.981

1 5450 70 .17599 
4939 .684

1 r:)475 70 55905 
498 .778

1 • 500 70 . 37 5034 267

1 .5525 71 .33013 
5082 . 154

1 5550 71 .7181 1130 
.442

1 5575 72 10787 
52 79 " 133

1 5600 72 *4 SO W 5277 .73

1 5625 72 .69229 
5277.73-

5650 73 .28703 
5327 .

6 S"

1 .5675 
-f3 .68345 

5377 7O89

1 
a700 , c 4 6 , 741

. 5725 
74 .481.7 

5479 .
9 1 4

1 5750 
74 8 9 5 5 1 .510

1 57 / S 75 ,28611 
"

5 5 00 75 .69105 
56:3 S V 8

1 "3 ?In.. 76 *09770 
6 719

5850 6 .- 0604 a-V'4 2 .197

1 -5775 "6 9118 57 .6959

590 ) 77 395904 .811

75925 7 74159 
.81 *

5950 78 . 15#9 959 .90-To

1 597." 78 57396 
6015 .4S8

6 00C 
- 6 'Jg 25 

0  6071 * 462

. a•S 61 27 .923

'381 
WADC TTR4-279



Table 3 (Continued)

(e) -o.Z00 4 , 3.1ZSO

.6075 so 2 s .es 4 4 "0

S600.685 
6300 .087

.6100 80 .1 40 6358 410

1 .3125 54 , 85 64 17 .210

S 1 01 .9709 6476 .486

1 .17
5  32 4713 6536. 2

2 20 0 .42 840 13I 6596 .483

1 .6250 83 .278b0 6718 .429

S527 5 83 .717If05 6-780 .141

16300 84 . I15 7 32 68 42 .350

1 325 84 .5994 1 68 5 .060

, .5350 85 .04333 6968.274

1 > 36 15 85 .48907 7031 .996

65 *4' 85 .93665 -7096 - =-
1 *542 5 86 *38608 70 976 -"-

E1 6450 86 .83735 722160 .971

1.64 7 , 7 29047 7226 .241

1 •6500 R'7 .- 741345 -7292 .*320

1 652 5 88 .20230 7350 .340

65 8 8. 6101 7425 .180

1 .6575 89 12160 7492 .553

1 .65075 89 .'58406 760 4 O2I • 6625 0go 04841 -1628 9

I .6650 go .51465 7697 .901

1 657= 90 .98278 7 7 527

E .;70 0  91 45281 7908 ,170
I 6725 91 .92475 7909 .3,70
1. 6750 92 39860 8051 .132

6775 92 87437 8123 .4
1 3 80 93 35205 81963 C,1 .0568 0 93 .53 1 678 1 . 5

1 6825 94 31321 8269 .825

1 .j50 94 37966 83,43 .872

1 .687_ 94 7 920 8418. 49S;

1 5 0 9 49.3 .2710

1 ., 0 ; 94,a 2 855 . 510

1 • 9 :a 86c2 .902
96 .75011S7000 gi 24p36 8722 .890

7 LO 9-1 22 368800 A7 8
1 "025 97 *73858 8870 .671

0:.0 ... 23578 9 4*,2
."7 3 1 qu.36 .885

*'7 g- - .9 p3 2e 9116 9 14

1 27 " 
*73928 

91 7 .563

• "7 .=r;10 0 2 4 4-- 4, 
. -

7 1 7" 
c. 6 0 .7 3 9

" 7 2 0 1 0 1 2 6 0 7 
14 4 q. 7 4

1 -:22 5 10 1 .7719 526 I

*7.,'0 10 2 2851
--"-, R 54-27/9 U8Z



Table 3 (Continued)

(e) - 02000 4 4 3.1250

1 .7275 102 .8003 -451 o .257
1 .7300 1 0 .3176 9694 .714
1 .7325 103 8368 9779 . a 21
1 .7350 104 .3582 9865 So1
1 .7375 104 .68 15 9951 .99o
1 .7400 105 .4070 10039 .07
1 .7425 105 .9345 10126 .e2
1 .7450 106 .4640 10215 .24
1 .7475 106 .9956 10304 .33
1 .7500 107 5293 10394 . 10
1 .'t525 108.0651 10484 .55
1 . 7 55 108 .60--40 10575 .70
1 .7575 109.1429 10667 .53
1 .7600 109.6849 10760 .07
1 .7625 110.2291 10853 .30
1 .7630 11 C .7754 10947 .24
1 .767 5 1 1 1 .323-7 1104 1 . 9
1 .7700 11 1 .8742 11137 .26
1 .7725 1 1 2 . 42C 8 11233 .34
1 .7750 11 2 .98 16 1 1330 .15
1 , -7775 11 1 .5385 11427 .69
1 .7800 11 4.O1. : t 6.c
1 .7825 114 .6S87 11624 .97
1 .7850 11 5 .2220 11724 .73
1 .7875 11 5.7875 11825 .23
1 .7900 116 .3551 11926 .48
1 .7925 116 .9249 12028 .49
1 .79h0 117 .4969 12131 .27
1 .7975 118 .071 1 12234 .81
1 .8000 118 .6475 12339 .12
1 .5025 119 .2260 12444 .21
1 .8050 119 .8068 12550 .08#
1 :43075 120 , 3jS7 12656 .73
1 .8100 120 .9749 12764 .18
1 .8125 121 .5623 12872 .42
1 .8150 122 . 1519 129 A1 .47
1 .v 1T1 129 .7437 13091 ..32
1 . 8200 123 .*:-378 1320 1 * O8
1 .A225 123 .9341 1::313 .46
1 8250 124 .5327 1342 F 76
1 M 275 125 .1335 .3538 .69
1 .8300 12 -5 .7365 1- 65:P .85
1 .8325 1 .,. 6 . 3A 1 8 13767 .64
1 .* 350 126 .94e)4 13883 .28
1 83713 127 .539 3 13D99 . 7f1 .8400 128 17 1 1 14 1 1 7 .10

.1 .84 25 125 785 9 14 ?35 . -J0
I 845(0 129 .4 0 2 b 14.3.34 .36
1 .047--, 130 .0216 1 -1-174 .28

383 WADC" TR 5,:-Z79



Table 3 (Continued)

(e) - 0.2000 ( 3.1250

03 85
1 .8500 130 .6429 14595 .08
1 .8525 13 1 .2666 14 716 .76
1 .8550 131 .89=5 14839. 33
1 .8575 132 .5208 14962 .78

1 . a,00 133 . 1514 1508,7 13
1 .862 133 .7843 15212 .38

1 .8650 1-34 .419 ft 15336 .54

1 *8675 135 .0TS72 15465.61

I .8700 135 .6971 15593 .60
1 .8725 136 . 339 ; 15722 .51

1 .8750 136 .9841 15852.35

1 .8775 137 .631. 15983 .13

1 .8e00 138 .2806 161 14 .841

1 .8825 138 ,9324 1624-7 .50

1 .8850 139 .5866 16381 .11

1 . 875 140 .2432 1 65 1 5 .68

1 .8900 140 .9021 16651 .22

1 .8925 141 .5635 16787 .72

-1 . 0 10:0 142 .2273 1C92.- . 2

1 8975 142 .8935 17063 .66

1 .9000 143 .5622 17203 .10

1 ,9025 144 .2332 17343 .54
1 19050 144 .9067 17484 .98

1 .9075 1l5 *5826 17627 .42

1 .9 100 146 .2610 17770 .87
1 . 9 125 146 .9418 17915 .34
1 .91-1.0 147 .6251 18060.83

1 . 9 1 ,75 148 . 3C109 18207 .35

1 .9200 148 .9991 18354 .90
1 9225 149 .6898 18503 .50
1 .9250 150 .3830 18653 .14

1 .9275 151 .0787 18803 .84

1 .9 -00 151 . 7, 66 1. 955 .60

1 .- ' 325 152 .4775 19108 .42

1 qC1350 133 .*1807 19262 .32

1 . -3 75 153 .8863 19417 . 2P

1 9400 154 .5945 19573 .35
1 .942c; 15 - 3053 19730 .51

1 .9 450 156 .0185 1!888 .76

1 .9475 156 .7343 2'-0048.11

1 .9300 157 .4527 2 j208 .58

1 95.35 153 .1736 2f 370 .16

1. 9S5 0 1 S .* A 97 0 205-42 .87
1 9 795 1s9 .6230 20696 .71

1 .9600 1 eC0 *351b 20861 .69

1 9 625 161 08P7 21Q2 7 .81

. 9F50 15 I .8165 21 195 .08

1 .9r75 162 .5528 21363 .51

i . 700 1 31,917 2153-, . 10

WADC TR 54-279. 384



Table 3 (Continued)

(e) - 0.•2000 4< 4, 3.1ZSO

93 G

1 ?25 14 .0332 21" 0 . .86

. 9750 164 . 7773 2187 *; .81

1 9775 165 .5241 22048 .93

1 9800 166 .2734 2; 2 23 .2S

1 ,a 2 5 167 .0254 22398 .77

1 .9 50 167 .7800 22575 *-'

1 •. 875 166 A 5372 22753 .42

1 ,9900 169 .2971 22W32 .58

1 9 92 ' 170 .0597 23112 .96

1 99;t,0 170 .8248 23294 .57

1 .997 -' 1 71 5927 23477 .43

2.0000 172 .3632 23661 .53

2 0025 1 73 1364 23846 .89

P 0050 173 .9123 24033 .51

.0075 174 .6906 24221 *40

2 .0100 175 .4721 24410 .57

2 0125 176 .2560 24601 .02

20 1 50 177 .0427 24792 .76

2 .0175 177 .8321 24985 .80

2 0200 178 .6242 25180 . 15

02:)5 179 .4190 -5375 e 1

2 .02-0 180 .2165 25572 .79

2 .0275 181 .0168 25771 .10

2 0300 1 & 1 .8199 25970 .75

2 0325 182 .6256 26171 .74

2 ,0350 183 4-t42 26374 .08

2. 0.715- 1 f14 .2455 26577 .78

2 .0400 185 .0595 26782 .85

2 .0425 185 .8764 26989 .29

2 .0450 186 .6960 27197 . 11

2 .0475 187 .5184 27406 .33

: .0500 188 .3437 27616 .94

2 .0525 189 .1717 27826 .96

2 c. 5 0 190 .0025 28042 .39

2 . nt3 75 190 .8361 28257 . Z4

2 .0600 191 . 6 1- C€, 28473 .52

2 .0625 i W.. .5 1 19 28691 2

2 0650 193 .3540. 28910 .41

2 0675 194 .1990 ,2;'9131 .03

0700 195 *0468 29353 . 11

2 0725 195 .8975 .9576 ,6.

2 10750 196 "7510 2 .8 I  -

2 0775 197 .6074 30028a .20

2 0 13 'Q 0 1 , *34667 30256 .21

2 *Oi20 199 32 A8 3: 4 5 .72

2 0 86 0 0 .19:9 3C.716 .75

2 0875 20 1 .0618 30949 .29

2 090 0 20 1 S9326 3 1 183 .36

2 ?0 2 8063 314 18 .S1

385 WADr. IR. 54-21779



Table 3 (Continued)

(e) - 0.2000 4% 3.1250

e0e

2 .0950 203 .6830 31656 . 12

2 . 0975 204 .5626 31 L.94 .62

2 * 1000 205 *4451 32135 .09

2 1025 206 ,3305 32376 .93

2 . 1050 20"7 .2188 32620 .35

2 1075 208 .1102 32865 .35

2 1 100 209 .0044 331 11 . V!5

2 1125 209 .9016 33360 .16

2 1.0 210 .8018 33609 .98

2 . 1175 211 .7050 33861 .43

2.1200 212.6111 34114 50

2 122T 213 ,5202 34369 .22

2 . 1250 214 .4324 34625.59

2 . 1275 215 .3475 34883 .61

2 . 1300 216 .2656 35143 .30

2 1325 217 .1867 35404 .67

2 *1350 218 *1109 35667 .73

;e 1 375 219 .0 -,-81 35932 .48

2 1400 219 .9683 36198 .93

2 1425 220 .9015 36467 .10

2 • 1450 221 *8378 36736 .99

2 .1475 222 .7772 37008 .61

2 .1500 223 .7196 37281 .97

2 *1525 224 .6650 37557 .09

2 .1550 225 .6136 37833 .96

2 15"7_r-; 226 .5652 38112 .b 1

2 1-00 227 .5 199 38393 .03

2 . 12-- 228 .4777 38675 .24

2.1650 229 4386 38959 .25

2 . 1675 230 .4026 39245 .07

2 .1700 231 .3698 39532 .70

2 1725 232 .3400 39822 .16

2 1750 233 .3134 40113 .46

' 1779 2 5 4 . 289 Q 40406 .0 1

2 1600 '35 .269- 4070 1 .61

S1 8 25 "36 .2523 40990 .47

2 1l .i0 237 .23^2 412tD7 .22

2 1 s, - 5 238 .2274 41! 97 .8

2 1900 239 .2196 41900 .38

2 . 5 A.40 .151 42.204 .81

2 1' - 241 .2137 A2511 .16

2 4 "'42 *.5 42819 .44

2 2000 243 .2205 43129 . 65

2 * .02* '44 22 A7 43441 .81

2 n C 245 .2402 437555 .93

2 0- 5 46 .254 44072 .. 01

2 .2100 2.47 .2727 4439U .08

2 ;12 r 2i -48 V 44710 .13

;; *" ',0 1> 4- . 318 1 45032 .18

WADC TR. 54-279 386



Table 3 (Continued)

(e) - O.2O00 46 3.125o
es e s

2 2 1 7 5 250 .3457 45356 .24

2 ,2200 -. 5 * , 3765 -150 82 .32

2 2 22 F 252 .4105 46010 .42

2 2250 2 t5 3 .4479 46340 .57

2 .- ;, / 5 25-1 . 48 A5 4 667 2 .77

2 .2300 25 S .5324 47007 .04

2 .232- 2356 . 5796 47343 .37
2.P350 257 .6301 47681 .79

2.2375 258 .,6838 48022 .31

2 2400 259 .7409 48 :36& 4 . W:
2 . 2425 260 *801 48709 .66

2 .2450 261 .8650 49056 .53

2 . 2475 262 .9320 49405 53

2.2500 264.0024 49756.68
2 .2525 265 .0761 50109 .99

2 ,25.0 26 t, 1 532 5S 0465 .47

2 .2575 267 .2336 50823 . 14

2 .2600 v.68 .3173 51183 .00

S2 . 2625 ;,:69 . 4045 51545 .07

2.2650 270.49'50 51909.35

2 *267 . 271 . 5889 52275 .86

* .2700 272 .6E62 52644 .61

2 .2725 273 .7869 53015 .62

2 ,2750 274 .8910 53388 .88

2 .2775 275 .9985 53764 .42

2 .2800 277 . 1094 54142 .24

2 .2825 ;,j 78 .2238 54522 . 36

2 . P2" 50 279 .3416 5490-1 .79
2 .287;: 280.4628 55289.55

,2 "2900 2 1 . 5875 55676 .63

2 . 2925 282 .7156 56066 .06

2 .2930 283 .8472 5"457 .84

.*297 5s 284 . -?8 P 2 5 t8 52 .00

2 .3000 286 .1208 57248 .53

2 .3025 287 .2628 t57647 . A6

2 .300 288 .4063 58048 .7 9

2 .3077, 289 . F57"=S 5'45 2 .54

2 :A1 I1k 0 2 v 0 .7098 58850 .72

2 .312!% 291 .865ti 59267 .3

2 .3150 293 .0253 -: 9678 .41

2 .3175 2v4 1884 530091 .94

2 *32 00 2 5 00 7 . 9

2 322 3 7,M ,5062 6 .*47

2 .3250 297 . 6988 6147 48

2 .327 5 2V8 .87S0 61771 .00

2 .3300 :00 .0568 6 -? 197 .05

2 . 3:.9 :i01 . 24 1 2 62625 .65

2 .3350 302 .4291 6:3056 .80

-. , 0.3'G' . p- 7 63490 .51

387 WADC TR 54-Z79



Table 3 (Continued)

(e) - 0.2000 4 3.1250

03 a

2 .3400 304 .8158 63926 .81

2 .3425 306 .0145 64JC6.5 .69

2 .3450 307 .2168 64807 .19

2 3475 308 .4228 65251 .29

: 3500 309 .6323 65698 *03

2 .3525 310 .8455 66147 .42

2 .3550 312 .0623 66599 .46

2 3575 31 3 .2828 67054 .17

2 .3600 31 4 .5069 6751 1 .57

2 .3625 31 5 0T 346 67971 .66

2 .3650 31 6 *9661 68434 .46

2. 3675 31.8 2012 68899.99

2 .3700 319 .4399 69368.25

2 3725 320 6824 69839 .26

2 .3750 321 .9286 70313 .04

2 ,3775 :. 23 . 1784 70789 .59

2 ,3800 324 .4320 7 1 268 .94

2 .3825 325 •689'3 71751 .09

2.3850 326.9503 72236.05

2 .3875 328 •21Sfl 72723 .86

; .3900 329 .4835 73214 .50

2 .3925 330 .7557 73708 .01

2 .3950 332 .0317 74204 .39

2.3975 233.3114 74703.6b

2 .4000 334 .5949 75205 .83

2, 402 5 335 ,8822 75710 .92

2-. 4-50 337 . 1 232 76216 .94

2 , 407 . 338 .4681 76729 .90

2 .4100 339 .7667 77243 .82

2 *41.Z5 341 .0692 77760 .71

2 4130 342 .3754 78280.60

2 4175 343 . -855 78803 .49

2 .4200 344 .999-1 79329 .38

2 .4225 346 .3171 79858 32

:, .4250 347 .6387 80390 .30

2 .4275 348 .964 1 8092n .33

2 .4300 -3 0 .2934 8 14"33 .45

2 .4325 3 ,,1 . t 26 v5 %700 .4 .65

2 .4350 352 .9636 82548 .96

2 .4375 354 .304% .53096 .39

w 4400 355 .6493 S 3646 .96

2 .4425 ;-56 •9980 84200 .67

..4450 358 .3506 84757 .55

2 .4475 359 .7071 P,33-17 61

2 ,450C 361 .0675 85880 .86

2 4525 .62. 4318 85 44 7 .32

2.4550 3 6r3 a O0 i 8 701 7 .01

2 4-;, t':, 3G- 1 7 23 87589 .95

.4 , 4 0 54 (Jf, 1 81 be; . 13

WADC TR 54-Z79 388



Table 3 (Continued)

(e) - 0.2000 < 3.1250

r 61 4 25 .307 .9286 88745 .59

2 .4650 369 . 31 P- 6 89328 .34

2 .467-, 370 .7007 8991-1 .39

2 47 0 372 .0927 90503 .76

2 4 725 -373 . 43.7 9 1096 . 4-r

74750 374 .888-7 91692 .52

2 .4775 376 .2927 92291 .94

2 .4800 377 1,7007 92894 .74

2 .4825 379 11 28 93500 .95
2 .4850 380 . 5288 E041 10 .56

2 .4875 381 .9489 94723 .61

2 4 Q 00 383 .3730 95340 .10

2.4925 384 .8012 95960.05

2.4950 386.2334 96583.49

2.4975 387 6697 c7210 .41

2 .5000 389 .1101 97840 .85
2 .5025 390 .5545 98474 .82

2 . t,0 0 392 .0030 991 12 .33

2 .5075 393 .4556 99753 .41

2 .5100 J 94 .9124 100396 .0

2 .5125 396 .3732 101046.3

. 2 .5150 397 .8381 101698.1

2.5175 399 .3072 102353 *6

2 .5200 100 . 7804 103012 .7

2 .5225 402 .2577 103675 .5
2 5250 403 . 73.9; 104342 .0

2 .57.75, 405 .2248 105012. 2

;do . 5300 406 .7146 105680 *0

2 3 2525 408 . 2086 106363 .6

2 .5350 409 .7068 107045 .0

2 *5375 41 1 .2091 107730 .1

2.5400 412.7156 108419.0

2 .542_S 414 .2264 10911 1.7

2.5450 415.7413 109806.2

2.5475 417 .2605 110508 .6

2.5500 418 .7839 .11212 .

2 .52 420 .3115 1 11920.9

7. 550 421.8433 112632.8
2.5575 423 .3795 113348.7

L .5600 424 .9198 1 4068 .5

2 5 62 b 426 . -1645 1 4792 .2
1!; . _6- 0 4"'2 S .01:14 1 15519 .'4

2 56,75 429 .5666 116251 .6

2 .5700 131 .1240 116987 .3

2 S725 .3 2 .*6858 117727 .0

2 E: 75O ,A44 . 2-19 11L 470 . 7

2 57775 435 .8223 1 19218 .4

2 .7J80 0 437 .3970 1 19970 .3
2 ,825 438 ,97 6S0 120726 .2
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Table 3 (Continued)

(e) - 0.Z00 4 3.1250

03 es

2 ,58530 440 .5594 121486 .2

'7 587 'S 442 . 14 1 2 .50 .4

2 5900 443 .73V"2 123018 .7

2 .5925 445 .3356 123791 . I

2 S950 44 6 . 3 6 4 1 2 4 - t67 .8

2 ,5 97 -i 448 .5416 125348 .6

2 .6000 450 151 1 126133 .7

2 .6025 451 .7651 126923 .0

2 6050 453 .383
4  127716 .5

2 .6075 455.*0 2 128514.03

2 .6100 456 6333 129316. 5

2 6125 458 .2649 130122.9

2 6150 459 .9010 130933.7

2 6175 461 .5414 131"4 *8

2 .6200 463 .1863 132568 .3

2 6225 : 4 .-

2 .!250 466 .4895 134220 .5

2 *6275 468 . 1478 135053 .3

2 6300 4 09 .9 i 0c 13 6732

2 6325 471 .4779 136732.1

2 C,350 473 1497 18.2

2 . 3 "/ 5 .,1 74 .8259 13SA28 9

2 .6400 476 .5067 139264 •

2 .6425 478 19d0 140143 .*

2 46450 479 .8819 141008 .2
2 .6475 41 .5763 141877 . 1
2 .b5UC 483 .2752 142750 .7
2. 6. '  

4 4 9 .2752 143628 .8

2 •655C 486,6867 14451 1.6

2.6575 488 .3993 14 5399 .

2 .6600 490 1 164 146291 .3

2 b625 491 .8382 147188 .2

2 665 0 493 .164 6 148089 .9

2 6675 495 299 148996.3

;_ 6700 497 .031 1 149907 .4

2 , 5 493. 77 1 3 150823 .,4

2 (70 C, 0 G 1G 1 I 517....4 .2

2 , 77- T;50 2 . 2655 152669 .8

2 6800 ,04 .0196 1536 C C 3

2 .6825 .%0 5 .7784 " 54 5 .7

S,.6850 507 .5418 1 ,5476 .0

2 68-75 5 .3095 1 642 1 .

:900 911 0 26 1 7 -71 .
2 eG925 51 2 .600 158326 .5

1. t5 ; !- - 51 4 64121 159.2 6 .7

? 69 516 .4290 16C2!1 .8

., tO0 0- O 2205 c. 1 2 2 .0

2 . 702 5 2 o . 0 67 12197.2

70"0 - .'- 7 163177 .- IS
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Table 3 (Continued)
(e) - O.Z000 . ( 3.1250

005

2 .707 523 6234 164163 .0
2 .7 100 -525 . 4338 16 51 53 .5

. 7125 527 . 2490 166149.2
2 150 .7 IS0 "E' 0 0 1 71 .50 7 1
2 .7175 530 k9 U i 7 1 t3,a 156. 1

V2 .7200 532 7232 169 16t .4

2 .7225 534 .55"75 170183 .9
2.. 72t.50 53 t 39 65 Ii 1 I 0 5. 7

2 .7275 538 .2404 172232 .7
2 7300 940 .0891 173265 .0

2 .7325 541 *94?6 174302 .7
2 .7350 .,i43 .8009 175345 .7

2 .7.s75 545 , 6640 17 b394 . 1
2 7400 547 .5320 17744 7 .9
2 .742 5 -49 .404-4 1785C 7 , 1

2.7450 251 .2826 1 7,57 1 .8
2 7475 553 .1651 180641 .9

2 . -0 0 .. t.; .0= C, 101717 .- n
2 17 25 556 .9449 182798 .6

4 2 .7550 558 .8421 183885 .3

2.7575 560 .7442 184977.5
2 .7600 562 .6513 18607. .3
2 7625 564 .15632 187178 .7
2 .7650 566 .4801 188287 .7

2 .7675 5 68 .4019 11-'9402 .4

2 7700 570 V 86 19 0522 .8

2*7725 572 42t303 19 1648 .8

2 .775-1 1674 I S170 1 -7.0.6
2 7775 576 13-b 193918 .2

2 .7800 578 0852 195061 .5
2 .7825 5800 J 67 196210 .6
2 78S0 581 .'.4 9 33 197365 .6
2 7875 583 .9549 19 8!26 . 1

. 7900 8 V .9215 199693 . 1

2 .7925 587 .b 31 200e65 ."

2 p950 rci9 .86c)? 202044 .2

2 . 7975 ) 9 1 .8514 ;a0 :4 2 * # a 6

2 . 000 543.8381 20441-0.0

2 . s0 2 5 595 .8 2 9 GO205515 * 5
2 .8 050 597 .8267 23 j 68% 17 .9
2 .8075 5?9 .8286 2.:8026 .4

I 0. c 1 . .C '. ' ;?,. C . 4 I . V,*

".- 125 603 .8476 210461 .6

2 .8150 605 .5 647 211688 .4

2 . 6175 607 fR70 21'921 .4

2 V 200 09 9144 21w bO .5
2 8 822 5 611 *-9469 215405 .8

2 *25 0 06,1 -*9J8 4 C 2 1 6 r 7 .4

2 . 1275 6 16 .0272 2 17915 .2
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Table 3 (Continued)
(e) -0.z000 4 4 3.1250

2 *3 00 618 .0751, 210179 .2

2 3 5 620 , 1202 220442 r

2 .8350 622 .1864 221725 .5

2 " F. 624 2498 223009 .6

2 .840O 626 .3184 224299 . 1

2.8425 62A .3922 225594 .9

2 .8 4 0 630 .4711 226897 .- I

*-.8475 632 .5553 228206 .1

.- •8500 634 .6447 229521 .4

2 .,s25 636 .7393 230843 .2

2 8550 638 .8392 232171 .6

2, 575 640,9443 233506.5

2 .8600 643 .0546 234848 .C'

2 .8625 645 . 1707 236196 .2

2 .8650 647 2911 2=7551 .0

2 .8675 84v :41'72 238912.5

2 .870 0 f 51 .54 86 240280 .7

F,2 .0725 C 653 A S54 241-655 *6

2.8750 655.8274 243037.4

2 8 7 7 9 657 .9747 244425 .9

2 8 800 660 .1274 245821 .2
2 .885 662 -2R 4 247223,4

2 .8850 664 .4487 248632 .4

2 .8875 666 .6173 2!0048 .4

2 .8900 668 .7914 251471 .2

2 .8925 670 .9708 2S2901 . 1

2 .8950 673 , 1 5 254337 .9

2 .897 3 675 .3457 2S578 1 .8

2 *9000 677 .5412 257232 .7

2 .9025 679 .7421 258690.7

2 .9050 681 .9485 260155 .7

2 .9075 684 . 1602 261628 .0

2 9100 686 3774 263107 .3

2 .9125 688 .6000 264593 .9

2 SO 150 690 .8281 266087 .7

2 .9175 693 .06 1b 26758 .7

2 SP200 695 .3006 2e,0". C4 C, 0

2 .9225 6-7 .5450 27061 2 .6

2 i t . C; 99 .7949 2721 5 .6

2 .9"275 702 .0503 73665.9

2 S)3(0O 704 ,'12. 27:320 3 .6

*- :0oL 276748 . f

- . 9 0 70U .5 4t;6 .. 7A3(0' 1 .4

2 .0-37-5 711 .1270 2790,61 .5
2 ,.40C 713 .4100 281429.1

2 .9425 71 !5q .f- :•  28 300 4 .

2 .94 0 717 . '6 28458 ,0

2 9475 720,2(022 -- :06177,3

. 9S .I 0 722 . .74 287775 ..
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Table 3 (CoLtinued)
(e) - 0.2o00 m; 4 3.1250

2 .9,525 724 .9o 289380.9
1> .*95150 -7 2 7 .2245 2909-4 .2

2 .9575 729. 5465 ;:, 2615.3
2 .* S600 731 .8740 294244 _1
2 961? 5 734 .2072 295860 ,7

2 9650 736 .5460 297525 ,2
2 * 675 738 .8904 299177 .4
2 *9730 741 .2405 300837 .0
2 . 9725 743 5962 302505 .7
2 *97-.0 745 .9.575 304181 .8

* .9775 748 .3245 305865 ,8

2 9800 750 .6973 307557 .8

2 .9 0- 5 7.53 ,07.5,6 309257 .9
2 .98 C 7S , 4507 310966 .0

2 .9875 '757,8495 312682.2
2 .9900 7 t0 o 2450 314406 ..

2 .9 925 762 .6462 316139 ,2
2 9950 765 .0531 317879 .9

2 .9975 767 0 46 58 319628 .9

i .0000 769.8842 321386.P
3,0025 772 .3084 323151,7

3 *0050 774 .7384 324925 .6
3 *0075 777 . 1741 326707 .9
3. .0100 779 .6156 328498 .5

3,0125 782,0629 330297.6

3 .0150 784 05160 332105 . 1

3 o 0 175 766 .9749 33:3921 . 2
3 .02(,0 789 .4396 335745 .7
3 . 022 5 791 09 102 337578 o8

§ . 0250 '794 .3866 339420 ,6
3 .0275 796 *8688 341270.9

3 ,0300 799 .3569 343129,9
3 .0325 801 '81.)09 344 W 97 o7
3 ,0350 804 03507 346874 o 1
3,.0375 8306 , I 0 0 I 348759 3
3 .01'00 809 , 3681 "'50653 3
.3 00425 8 I 1 ,8856 3S2 5G .2

3, 04-50 814 ,4090 354467 .9
3 .047'5 e 16 ,g9j84 356388 , 5
3 .0500 819 ,4737 "..t -'.31 8 .0
3 .,0525 822 ,0149 36 0 2'16 ,6
3 .05-S0 324 ,5621 362204 . 1
:3 0575 827 , 11 5 2 364160 ,6

3 .00 0 829 ,6743 36 6126 , 3
:3 .0625 832 ,2394 36810 1 .0

, .0630 834 *8104 370(84 .9
3 ,0675 837 .3875 372078 ,0

3,0700 839 ,9705 374080,3
3 ,0725 842 ,5596 376091 .9
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Table 3 (ComclidadW
(e) - 0.2000 4 g&, 3. IZS0

es es

3 075C) 845 •1547 378112 .7
3 0V 7 .! 847 75: 8 -e b% u1 4 ;d .9

3 ,0800 8 .. i 62 9 3821 182 .4
3 .0825 8 .976 1 38-123 1 .3
3 0850 8-55 . 5954 386289.6
3 *0875 858 .2207 388357 .4
3 0'9C0 860 .5 2 1 390434 .7

3 .0925 03 6:1 , 89 * 392521 .6
3 0950 866 , 1332 394618 .0
3 0 97 5 868 78 -..i 396724 . 1
3 1000 871 .438S 398839 .7

3 102 5-; 874 . 1007 400965 . 1
3 1050 876 7688 403100 .2
3 10 75 879 443 r) 405245 .0
3 1 100 e a 2 1 ?33 40739: 7
3 1125 884 8099 40Pe;64 .2
3 1150 8 a 7 o5026 1 17 3- .5

3 117 T, 890 201 t 4 13922 .8
3 1200 892.9065 41,117.0

3 ":725 6 95 .6178 418321 .2
3 1 7c 50 8 898 • 33 53 444444 .4
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Table 4

*oefticient n Series Expansion for Design Characteristic Slope

0.25503 4t 3.1250

F G 11

125.)- 1 ,1-68771 .02 71 105 - 6 199G 1l3

.2575- I 1 289901 5 .9796595 - 5 .89275tb

2600- 1 121201 5 5 93335 T 6 - 5 4 . n 9 4 2 5

26.'5S- 1 1 1 3S089 5 8e- a1681 - 5 .302965

.2650- 1 1 5-'SP102 5 .8440558 - 5 .019313

*2675- 1 .0984033 5 .8009864 .4 ,742702

.2700- 1 .0909863 5 .7589276 - 4 A72850

.2725- 1 .0836570 5.7178479 - 4.209479

.2750- 1 .0764137 5 . 777 177 - 3 , 952-30 -5

.2775- 1 .0G92545' 5 ,6385080 - 3 .701058

. 2500- 1 .0621776 5 .6001911 - J .455518

.1825- 1 .0551813 5 5627403 - 3 215406

.2850- 1 .0482640 5 .52F- I U4 - 2 .98054-

.2875- 1 .041dI239 5 .4903362 - 2 .750672

.2 Q00- 1 ,0346596 5 .4553348 - 2 .525645

.2925- 1 .0279695 3.4211028 - e.30515: ;

.2950- 1 .02 1352 2 5 .3876184 - 2 ,089155

.2975- 1 .C 148062 5,3548606 - 1 .8773-34

.3000- 1 .008330 1 5 .322-092 - 1 .669644

.3025- 1 . :C 1 01: 2 5 5 2914441 - 1 .465752

.30 50- .99558235 5 .2607468 - 1 .265735

• 3075- 98930811 5 .2306989 - 1 .069292

.3100- .98309860 5 .20 12828 - .876250

.3125- .97695267 5 5.1724814 - .686559

.31 50- *97086913 5 . 1442787 - .500053

.3175- *96484684 5 .1166585 - . 3 16599

.3200- *95888475 5 .0895059 - .*136095

.3225- "15298169 5. 0631055 .041597

"3250- .94713671 5 .0371439 *216576

,3275- *94134074 5 .01 17065 .38 932
.4300- 93561681 4 .9867806 .558833

.3325- *92993994 4 .96 23 7 .726285

,i --1 50 - .92431722 4 .938A 108 .8c-) 148-5

.33715- 91874774 4 .9149428 1 .054d-" 4 1

*3400-- 9 132:sb(' 4 i59 19370 1 7 1 5243

. :?,d =; - .90776492 4 , ̂ 693817 1 L * 7 -1 0 Gt

.34 50 - 90234 98 S. 4 .84 72666 1 . 5 U i .-

.3475- *89698465 4 .8255805 1 .68589-1

*3500- .89166842 4 .*3043133 1 .83899-3

.3525- .88640023 4 .7834F-' 1 1 .990404

. 3 5 150 -- *5 1 1 80 10 4 . t5 2 997, 2 1 40 1 62

.3575- *87600648 4 .7429-300 2 58312

.- 6 0 e - *87087786 4 .723237 "2 . *434?2 3

.3625- 86579533 4 7039222 2 580101

.3650-- " 160 -," 13 7 :Ju 4 6849702 2 .7238-;4

. IF;75- 5 76344 4 .6663738 2 ./3866271

.3700- .85081289 4 ,-48 1254 * (10 7":19 c

S75 -- C .5 1 6- 3 4 '3 1472,1; -
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Table 4 (Continued)

0.2550• 1 3.1Z50
F G H

03750- 84103L82 4.6126382 3.285990
.3775- .83621418 4 .5953852 3 .423577

.3800- 83142989 4 .5784471 3 .560025
,3n25- .82668619 4 .5= 1821 If 3 ,695Oq2

3850- .82198257 4 .5455(-25 3 . 830010
,3875- .81731697 4 .529474#. 3.963552
.3900- .81269119 4 .5137447 4 .096 196
03925- .80810247 4.4952941 4.227973

03950- .80355109 4.4831213 A.358943

03975- *79903732 4 .46822S0 4. 489185
04000- .79455924 4 .4535912 4 *618573
.4025- .79011785 4 .4392230 4 .747367

.4050- *78571200 4 .A251111 4 .875464
04075- *78134053 4.4112464 5.0029:1
.4100- .77700375 4.3976280 5.129781
.412 - .772701W5 4 .3842512 5 .256117
04150- .76843262 4.3711113 5,381866
041 75- .76419745 4 .3582038 .507196
,4200- .75999 467 4 .345C,203 5 .632033
*4225- 75587459 4 ,3330606 5 ,755403

.4250- *75168617 4 .3208164 : .80382
.42 75- 74757904 4 ,*087838 6 .003973
.4300- .74350417 4 .2969664 6 .1272 1 :
*4325- .73945923 4 .2853489 6. 250 129
,4350- .73544519 4 .2739352 6 .372734
.4375- .73146106 4 .2627178 6 .495048
.4400- 72750715 4 .2516967 6 . 6171 5,4
.4425- .72358187 4.2408612 6.739006
.4450- 71966616 4 .2302151 6 .860686
.4475- 715A81907 4 2197515 6 .982115
,4500- .71198030 4 .20-4671 7 .103421
.4523- .70818956 #-,1993587 7 .224587
.4550- .704386454 4 . 1894232 7 .345633

.4575- .70063096 4 .179b576 7 .466582
#4600- .69690252 4 .1700590 7 .587445
14625- .69320095 4.1606244 7 .7082o3
.4650- .6e952597 4 .1513510 7 S290315
.4 b 75 - *68587730 4 1 4 22 i61 7 .2 497!4
. 4700- .68225411 4 1 3 -J 2 7 J 4 k . U f ;: -

.4725-- *67865672 4 . 1244639 8 . 19129".

.4750- 67508484 4.1158050 8.31210-

.4 7 -767 - 53A25 4 .1072S. - 1 8 . 4 2 2965

.48U 0- 6C 801612 I .09 a9 2 - : 0 'D 5 :881

.4825- .66451877 4 .090699 13 .e,7 '879

.4b50- .66104!395 4 .082614) 8 .79 -- Q A1

.4875- .65759690 4 .0746653 8 1 71So-

.4900- .3417189 4 .0668515 5 .038547

.4925- .65077019 4 .0591693 - . 16C03 7

.4S; 50 - .64739157 4 .05 1 6153 9 .281
1 49 75 - G403634 4 .04-4 19 11 9 . 40 350
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Table 4 (Continued)

0.2550< 44 3.1250

F G H

.5000- .64070426 4 .03 -,945 9 -,;5530

.- %0 25- .63739460 4, .*02Q7 ?0- 9 .c - .7750

.5050- .63410717 4 .022666)9 9 .770 183

.50 75- .63084225 4 .0157351 9 .892850

.5100- .62759913 4 .0089200 1 -•01576

:5125- .62437762 4 .0022196 10 . 13892

*5150- .62117753 3 .9956325 10 .26235

.5175- *6179991A 3 .989-.598 10 ,38611

.5200- 61484 7 8 3 .98279G5 10 . 5 1cO8

.5225- .61170525 3 .9765-412 10 . i= ?d 40

.5250- .60858984 3 .9703951 ! 0 . 75904

.9275- .&0549442 3 .964350.5 10 88400

.5300- .60241975 3 *9584119 11 .00931

.5325- .59936473 3 .9525717 11 . 13496

.- 350- .59633010 3 .9468344 1 1 .26098

.5375- *59331522 3.9411 55 11 .38733

.5400- 59031992 3 .9356535 11 .51416

.5425- 58734404 3 .9302070 1 "! * 64133

:5450- .56438740 3 .9248544 11 . 76.-31

03475- 5a1 44 941 3 .9195916 1 1.^9692

.5500- *57853078 3 .9144231 12 OV-35

.5525- .57563091 3 _C'9344 S 12 . 15421

.5550- 57274921 3 .9043517 12 .28355

.5575- 56988639 308994491 12.41330

.5600- .56704144 3.8946298 12.54352

.5625- .56421463 3 .8898954 12 .67424

05650- .* i61405 e 3 t 852446 12 .80544

• S 75- .- 55861 A 6 '-% .6806763 12 .93709

.5700- .55584157 3.8761894 1 .065937

5725- 55306545 3 .8717797 13 *20204

.5750- .55034714 3 .8674520 13 . n"q1C; 7 *

.5775- *54762529 3.863"965 13.4690'4

.5800- *54492098 3 .8590207 13 .60334

.5825- .*A2 3327 3.8549180 13.73819

,5850- =.3956242 3 .8508899 13 . 873 60

.5%75- .53690829 4 .6 419"'SG 1 4 . 0_ _L- 8

.5900- •53427076 3 .8430541 14 . 1 -0:d C1

.5925- •53164930 3 0e-:192-415 14 .2e327

._ _n- 52904380 3 .8354969 14 .42098

• - V 7 5- 52645451 3 .53 18221 ' -4 :5 ; "3-0

6000- *52398129 3 o8 2 $2 1 f 14 o0; - '12 J

06025- 52132403 3 .t,2 4e67 8 14 ,83701

.6050- 51878223 3 .821 70A 14 .97798

60"5- 51625578 3 .8 17 794 6 15 . 1 1872

06100- .51374492 3 .81 44498 1 S'. Z:.O17

S51:25 - 511 24953 3 . 8111 C5 S04 15 .40225

.6150- *50576913 3 .8079499 15 . 54 499

S"75- *5 603062 3. 8047906 1 5*68837

52n0- .503A5324 3.80 16931 1 , 32-14

G225- .501 41786 3 .- 7986569 1! 5.97" 19
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Table 4 (Contize.d)

0.2550 4 g ( 3.1250

F G H

0625 0- *41?89c702 3 ,7%56783 , 122t1

.6275- .49659063 3 .792-7568 1., 26069

.65300- .49419692 3 , "7 8 98941 16 ,41554

.6325- 49162143 3 .7870868 16 .56303

.63-0- .48945839 3 - .a -n ,-, i ! . "T I - 2 "Y

.6375- *48710928 3 .e e16 410 1 e .06025

.6400- .48477428 3 .7789965 17 .00992

.5425- .4824533W 3.7764112 i . 1 03

,6450- .46014608 3.7738758 11.31149

.6475- .47785245 3 ,7713918 17,46338

.6500- 47557265 3,7689609 17,61603

.6525- .47330627 3.7665801 17.76946

.6550- .47105321 3 .7642486 17 .92365

.6575- . 4 66813"70 3 .7619684 18 ,07861

.6600- .46658730 3.7597362 18 .23436

06625- .46437395 3 .7575516 18 ,39091

.6650- .46217354 3 .7554139 18 ,54821

.6675- .45998629 3 .7533 w51 18 .70634
670 - .- 5781 !79 3 .7. r12820 18 , 665 24

.6725- .45564997 3.7492841 19 ,02507

. bY to- .45350073 3 ,74-73308 19 . 18560

.6775- .45136428 3,7454241 19 .34701

.6300- .44923994 3 ,7435585 19 ,50924

.6825- .44712822 3 ,7417383 19 ,67232

.6850- *44502872 3 .7399606 19 .,03625

.6875- .44294138 3 .7382249 20 ,00102
.6900- .440d6639 3 .7365331 1 16667

e925- .43880310 3 .7348798 20 .33 316
.6950- .43675199 3.7332694 20.50055
06975- .43471241 3 ,731 6965 20 ,66880

,7000- 43268485 S . 730 16-56 "- .03794
. 70 25- A 3066895 3 .7286738 21 .00798

70 50- *42866462 3 .727:e204 2 1 . 17891

.70 75-- .42667179 3 ,7258052 21 .35074

.7100- *42469039 3 .7244277 1 .52348

.7125- 42272033 -= . Id: i0874 21 .69714

• 1 50- *42076153 3 .7 17M. "p4Q 21 .87172

.7175- *41881393 3 ,7205168 22. 0CI726
.7200- *41687770 3 ,71 92879 2 . 2 d6 7

.7250- .41303770 3 .71 G 93 17 2;f 579-17

.7275- 41 9 13420 3 . ,158059 2 ",750b6

•7300- .40924169 3.7147167 '22.9389""
7-22-5.- .40735968 3,713659c) 23.12011

.7 350 - .40548625 3 .7 12 6 350 ;,3* .- I CZ-

.7375- *40362753 3 .71 16440 23 .48"44

7400- .401 77745 3 .",-106659 F-.- ' 695"7
*7425- *39993773 3 ,7097601 23 . 8:4 45
7,4 5U - .C 10 8 42 3 .70 a 8 C 6 A 24 ,04080

.7 4"*1 - .396289/4 3 .7080044 24 2 2 718

WADC TR 54-279 398
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Table 4 (Continued)

O.Z55O 4 g 4 3.1Z50

F G H

750 0 - .3944807 3 * 70 -7 '1 737 24 .4160.J

.7525- .39268219 3 70 63739 2'. O5 1 7

.7550- .39089380 3.705604e 24 . "9-28

.7575- .38911524 3 .70486:3,5 d4 . 49

.75O0- .38734691 3 .7041549 2- . 17870

.7625- .38558827 3 . 70 34 i 3' 25 .37192

. 7650- *.IR383951 3 .702821 -2 25 .56617

.7675- .38210056 3 .7021980 25 .76153

.7700- *38037135 3 7 0 16038 25 95793

.7725- .37 86 - 18,- 3. 7 C 10 373 26 .15534
*'750- *37G94167 3 . 70 04970 26 .35386

. 7775- .37524132 3 *6999a#Z6 76 5 55340

.7800- .37355023 3 .69950 t4 26 .75404

07825- .371 86857 3 .6990434 26 .95576

.7850-- .37019630 3 .6986122 27 . 15854

.7875- .36853333 3 .,O982077 2- . 3&Z.48

.7900- .36687940 3 .6978271 27 .56747

07925- .36523486 3 .69 747 19 27 .1/725

.7950- .36359029 3 .6 9 714e 1 -,7 . 98080

.7975- .36197277 3 69#8428 28 . 18913
08000- .360 3507 .1 .6-1#E626 28 .39853
.8025- .35874654 3 .6963094 28 .6091 t

*8050- 35714671 3 .6960788 28 .820Z7

.8075- .3555b573 3 .6958725 29 .03371

.8100- .353973"a5 3 .6956883 29 .24770

.6 125- .35239970 3 .6955279 29 . 46283

.e10- .35083474 3 .6953913 29 .6791 1

.8175- .34927842 3 .6952780 29 89658

.8200- .347730C6 3.6951880 30. 1152S

.8225- .346191 d5 3 .6951187 30 .33500

.8250- .*34466031 3 .6950721 30 .55.96

.8275- .3431375R 3 .6950459 30.7-7812

. 8300- 34162322 3 . 6-P 5 0 4 20 .341 . 0014 G

.8325- .3 A 11717 3 .6950601 : 1 . 22ex00

.8350- 33861939 3 . 69 50999 3 1 4: s "7

. 83 75- .33712963 3 .6 9 -1 5 ;9 J 3 1 6 7 f5tn9

.8400- .33564803 ":.69!.2400 31. 90588

.8425- "3341 7439 3 .6s 53395 32 .13621

.8450- - 332 "70.92 3 69 5462 6 32 . : e66b 1

.8 , " .,- *33 1 ' _1 .3- ., - A j 1,0 3Z , , - :,

.8500- .32980147 3 .G9:)7639 32 .83 :66

.8525- .3283 956 3 6- 944 1 2 * 0C) - *

.8550- .32692532 3 696 142- 33 .301 _ 1

. st 7 s- 3297499013 3 .6963626 n3 5 3-
.8600- .32408042 3 .696600t.,5 :3.n 7 6 t

a I.2 5- -12 b f- L_: 1 3 696 .5 b 9 :e 4 01 S 67
8 bp 0 - 32 1 2 65t7 b7 1307 34 . _ 2
8 675 - 31987006 3 69 74 2- e- 3- 4 S9 1 1

.8700- :13481 65 3 .59 7735S4 3-1 7412 3
7..? 5 - 7 1 0 C' 3 . 36 9 03 "-- E. 15

399 WAD,.O TR c,79



Tabi ). 4 (Contintaed)

0.2550 3. 50

F G H

.8750- .31572721 3 ,6 . .5 " 3:

*s775- 31436109 3 ,6987758 3..5 .47838

.8800- .313002 19 3 .6991567 35 * 72664

*8825- *2 3 i 50 Z5 3 6 9 9 5~ ---- o- *C l i:)o

. 88 0-- .31030624 3 ,6999704 36 .22715

*8875- .30896910 3 , 7,0 4 C. 3 36 .47938

8900- .30763918 3 •7O0853p 36.73295

,8925- •30631627 3.70"t3lts'P 36,98783

.8950- .30500049 3.7018014 37 . 24406

.8975- .30369164 3 .7022993 j7 .50162

Qooo- Z10238967 3.7028120 37.76052

*9025- *30109470 3 .7033416 i8 .02081

.90 50- .29980670 3 .70380577 38 .28239

.9075- .29852545 3 .7044483 38 .54538

.9100- .29725093 3 .7050232 38 .80971

.9125- *29598324 3 .7056143 39 .07543

*9150- .29472235 3.7062214 39 .34254

*9175- .29346791 3 .70058404 39 .61100

• ,oo- .292220 -2 70747"7" 9 8089

.9225- .29097928 3.7081274 40.15216

.9250- .28974471 3 .708791 1 40 .42483

,9275- .28851658 3 .7094681 40 ,69889

• 9300- .26729501 23.7101603 40 .9"7438

.9325- •28607996 3.7108673 41 .25!25

.9350- .28487124 3 .71 1 587w 41 .52964

.9375- •28366881 3 .7123208 41 .80939

* -40*0- .28247270 3 . 71 30 683 42 .09060

.9425- .28128297 3 7 1 3 1285 42 ,37323

•9450- .28009934 3.7146010 42.65730

.9475- .27892200 3 .71 53t378 42 94284

*9500- ,27775077 3 .7161868 ;3 2 2D83

•9525- .27658576 3 .716999, A3 .51830

9550- .27542678 3 .71 78246 43 .80822

.9575- .27427380 3°7186613 44.09961

S9600- .27312693 3 .7195117 44 . 39250

9625- .27198598 3 .720-3736 44 . 68683

•9675- 26972189 n §7221336 45 *2 80)3

9700- .26e59867 3 .7230?16 45 2p7893

, , :D .,- .26.748 123 3. " '-2"-:4 p A s 45 87928

.9750- *26636970 : .7''48626 46.18116

.9775- .26526389 3 .- 2579 5 . 5 .48456

,9800- .26416377 3 .7267Z92 46 .78948

9 ; 2.5 - 26306944 3 72 76 95. 47 .09590

;98 50- 26198G 73 3 .7; I,- F e, 7 -"0 * 92

9 75- .26089762 3 ,729"5400 47.71345

.9900- .259820 20 3 .7306298 A 8 .02454

•9925- .25874817 2 . 72 1 0 28 -•  4 " 2 "1 E

.9950- . . 57 68 1 76 3 73763e3 48 G 5 34

9 P 75 - 2 5662 3 5 3 . 7 -- 3 660 6 4 8 , 9 G 1 4

WADC TR 54-279 400



Table 4 (Continued)

0,2550 3.1250

F G H

0000- 25556544 3 .7346910 49 .28442

.CO 2'5- .25451546 3 .7357332 49 .60328

1 .0050- .25347085 3 .7367852. 49 92380

1 .0075- .252411 3u l7 ,'378489 s0 .2-588

1 .0,100- .25139772 -3.7389203 50.56957

1 .0125- . 25036 I 1 5 3 ,74000 32 .0 . e9479

1 .0150- ,24934582 3 ,7410955 51 ,22165

1 .01 75- .24832.770 3 .7421971 s 1 .55012

1 .0200- .24731490 3 .7433 100 51 .80022

1 .0225- .2 463Q ?24 3 .74 44 32.T. 52 . . 11 3

1 .0250- .24530459 3 .7455613 52 . 54:;-2S

1 .02 75- .24430 727 3 .7467033 52 .88024

1 .0300- .24331490 3 ,7478324 53 , 21(87

1 .0325- .24232 756 3 .7490104 53 .55507

1 .0350- .24134535 3,7501790 53 .a9498

1 .0375- .24036811 3 .7513563 54 . 23'5553

1 .0400- .23939503 3 .7525422 54. 57975

1 .0425- .23642847 3 .7537366 54 °92462

1 .04 -0- .*2274-111 3 .7549414 C. 7119

1 .04 75 - .236_0851 3 .7561527 55 ,61941

S.0500- 23555585 3 .7.73741 55 .96930

1 ,0525- .23460801 3.7586038 56.32094

1 .0550- .23366494 3 Y598416 56 .67420

1 .0575- .2 3272663 3,7610875 57 . 02924

1 .0600- .23179304 3 .7623414 57 .38589

1 .0625- .23086427 3 .76360'1 57 .74437

1 .0650- .22994006 3 .7648748 58 .10450

1 .0675- .22902061 3 ,7661.42 58 .46636

1 *0700- .22810577 3 .7674412 58 .82996

1 .072=- .227'19553 3 .7687360 59 . 19529

1 .0750- :22628985 3 .7700383 59 . 56236

1 .0775- .22538872 3 ,77 13.481 59 .931 -,6

1 .0800- .22449210 3 .7726654 6u ,30173

1 .0825- .22359997 3 .7739901 60 .67404

1 .0850- .22271230 3 .7753221 61 04812

1 0875- .22182918 3 ,7766631 61 .42400

1 , *900- 22095037 3 .7-780096 6 1 , *016"_-

1 ,09;5- .22007605 3 ,7791650 62. 11104

1 .0950- .21920596 3 .780 7 156 62 , 562;d
I -75- 2 A -.'- 3 7 , IQ 1 62 .94522

1 .1000- .21747906 : .7334715, 6 .4J3L-03

1 .1025- .21662205 3 .784854e, -3 ,.71663

1 .1050- .21 576919 3 .7e 6 2 d-1 64 . 105CI

1 .10"- .21492069 3 .78 7640 ..2 64 .49523

1100- .71407b39 3 .'789043a- 54 8 f 28

1 1 ; 25- *21323Z30 3 .790A;3- 6. 5 28116

1 .11 50- .2i2410037 3 . 79187 - 65 .6 768G

1 .* 1 75- . 2 11 5685v 3 .793294u 66 .0744 1

1 . 0 -- . "074093 3 .794723a G- 487 0

I 122T;- .2099 ;f737 3 .7961b01 66 13

401 WADC TR t-279



Table 4 (Continued)

0.2550 4 3.1250
F 0

1 .1250- .20909789 3 .797602e :.. 7- 13

1 .1275- .20828246 -: .7990518 67 . -, 3-S of
1.1300- .2074' 106 3 .8005070 68 .08996
1 .1325- .20665,358 3 .80 19666 6, .49858
1 .13 50- .20586018 3.803',348 68.90919
1 .1375- .20506074 3 .8049080 69 .32163
1,1400- .20426524 3 ,3063877 69.73599
1.1425- .=0347366 3.8078735 70.15225

1 . 1450- .2026A598 3 .8093652 70 57041
1 .1475- .20190208 -. 8108611 70 .99045
1 . 1500- .20112213 3 .8123646 71 .41248

1 p1525- .20034599 3 8 136721 71 .83632
1 .1550- .19957360 3 .P15387 2 72 . 26216
1 .1575- .19860508 3 .6169080 72 .68003
1 .1600- .19804024 3 .8184326 73 .11962
1 .1625- .19727915 3 .8199629 73.55124
1 . 1650- .19652178 3 .8214988 73 .98482
1 . 1675- .19576820 3 .8 30420 74. 42039
1.1700- .19501823 3.8245889 74.85790
1.1725- .19427192 3.8261412 75.29737
1 .1750- .19352925 3 .82 769a9 75 . 7186
1 *1775- .19279011 3 .8292603 76 . 16222
1.1800- .19205468 3.8308287 76.62764
1 . IRZ.- 19132273 3 .8324006 77 .07502

1 .185 - .19059444 3 .8339795 77.524,44

1 .1875- .18986961 3 .6355618 77 .975^3
.1900- .18914830 3 .8371493 78 .42924

1 . 1925- .18843049 3 .8387419 78 .88469
1 . 1950- 817771618 3 .8403395 79 .34210

.1975- *18700533 3 .8419422 79 .80162
1 .2000- .!8629792 3 .8435499 80 . 26314
1 .2025- .18559386 3.8451607 80.72602
1 .2050- .184894d21 3 846 7765 ,1 .19219
1 .2075- .18419596 3 .8483971 81 . 6So.83

1 .2100- 18350207 3 .8500226 02 . " "52
1 .;- 125- 182 81 1 54 3 .8516529 82 . 'D ,) 8
1 .21 50- 18212434 3 .8532879 83 . J7- 12

1 .21 75- 181 44038 3 .8549259 83 .=;5103

1 .2200- .18075972 3 8565686 C4 .02396

1 .2225- .1,008233 3 , 8 5Z 2 • .0 I -1 1

1 .2250- .17940821 3 .3598680 - , 991 7

1 22 75- *17873734 3 .86152 - t- ,  85 .4-543

1 .23 C. 0- .17006961 3 .863183S 85 .96177

. 23 25- 17740517 3 .864A4 .- S 8' . "m- 2s
1 .2350- *1 7674''84 3 .8666- 179 86 .94033

1 2315 - 17608561 3 6 t -81 L SC 87 .433_-4
1 2400- 1 -" 5430 r2 3 .*69 P .. 87 928313
1 .2425- 1 ,477868 . 3 . 17 -.1 , 8_ Le. 421. 2t
1 .2430- 1741 29 3 7 -3 -Z 88 .92,"38
1 .2 7S - 17348416 : 6 4 89 .425b'D

WADC TR 54-279 402



Tible 4 (Cort .nufed)

-3 500O 4 , 3. 1250

1 .2500- .17284155 3 .,87 j6 1.I

1 .2525- .1722019:2 1 A37 e3.;' -1
1 1 2550- 1715. 3t; .' 880.,
1 .2575- 1709 -': i 21 3 ,88 .9.

1 .2600- 1703 01 .' 3 C - e
.2625- 1 6967 3" 3 .88; ':, 9

a .2650- *1 690,4's 5 3 in,. c.
1 7.67F- 168- 2 .i4 3 P- 2

1 .2700- *167 0. 3*'t_- e." 6 * -,

1 .2725- 16719 oZ0' 3 * q 9 2 0 '
' -

1.2750- .1665 015 3 : :-"
1 .2775- .165970 19 3 *!. - ,E€- "
1 .2800- .1 653635 " 5-
1 .2825- 1 6 475879 33. -'. .. ." *

1 .2850- .*1641 '2 i 40 3 9 -13

1 .2 75- 1 6 .5 77 :.9c -,

1 *29 2!- "1 6- r 0.0 1 "
1 .2950- 1617 79 '6 :.' "8-, "

1 .2975- 161 19230 9 ' ,'.- -

1 .3000- 160.0 r 761 .91 '
^1 1, 6 _ *1600'. 56 3 .91

1 .3050'- .1 594463'-- s o 3
- 1 .30 75- 1" 3695 5:9" 1

1 .3100- 1S t829592 P 84
1 .3125- *1 !7724-? -4 .42 f

1 . 150- 121 1 a 1 .9. .-
1 .3175- 1 9565900 . .3 ,9 ,z "

" 3200- 5 05'o, '0 - • 4 1
1.3- 1 - . 3 .9; J-. 1. 8
1 :42 5 4 .'r) 837 3 .9;
"I .,-" - - *15 '.28 . *93. ', ' 5 10

1 .3300- 1 5*',e 000 3 . 3. 0 * -. -'4¢
1 .*3-325- . 1 "24967 " q:' .*;3 . .' 7 .'tO "
1 ,3352 - 1.2 0184 5 -4 .9C C

1 3:73- 1. 21 S657 3 . . 42 108 .:

1 3400- 1 -5 " 138i' 18, : .

1 .3425- .1S5.073 "7 3 ..-' 1C" ';.

1 . -3 4 5 "5" 0 "- 3C 5 2.-
1 3475- ",0O 51 - ' C - 7

1 ,, 0'0- 4946 "'6. S
1 3 5.2' - 4 a 93" 3!5

1 . 3 75 - 1 4 4' ' ), . 1 * "4

,3700- i ',.'- 5 "1 .52

1 ?.725- 14... " 1 , " 1

B..Aa. Copy

Best Available Copy



Table 4 (Continued)

0.2550 i , 3.1250
F G Hf

I 3 14427200 3 .96s.S3709 117 ,9749

, IA37C.!39 -3 .9672158 11 v, . F i3%
. 14326 1 12 f . 90629 1 1 9 .t 2196

1 1d2 T5911 3 .9709118 1 , 5-,56

.14 22S935 3 .972"T. ', 1 ,. . '/1 1

1 3875 - . 1417 61a9 3 .97 61-4 I ;1 !,;. 10.52

1 3900- .14126 '72 3.97 -4715 I21.73--7

1 .3925- .14077376 3 .9 7 It2 .1 122 .3747

1 .3950- .14023307 3 .9801693 123 .0133

1 .3975- 13!:V.'9 4 57 3 9820510 123 .e 43

1.4000- 1 -193-)825 3 .S839 140 124 .2978

1 .40 25- .13 -- 8821 5 3 .9057796 124 .9439
1 .4050- .1 'Ne34 ,' 28 3 .9876465 125 .5926
1 .4075- . 1 J7 62!55 3 .9895183 126 .2437

1.4100- .137384115 3.9913894 126 .8974

1 .412S-- .136SCo:9.4 3 S o%32633 127 .5536
S,4 50- . &3643629 3 .9951400 128 .2124

1 .4175- 13596509 3 .9970162 128 .8738

1 .4200- 1 13549610 3 .9988969 129 .5377
1 .4225- .1---502912 4 .0007770 130 .2041

1 .4250- .13456433 4 .0026614 130 .6733

1 .4jv5- .134101 54 4 .0045454 131 .5449
1 .4300- .13364086 4 .0064320 132 .2191

1 .4325- . 13318226 4 .0083214 132 .8960

% .4350- .13272570 4 .01021 18 133 .5754

1 .4375- .132271 14 4 .01210 33 134 .2575
1 .4400.- .13181865 4 .0139974 134 .9422

1 .4425- .13136815 4 .0158925 135 .6294-
1 .4450- . 130C "i 069 A .0177902 136 .3194
1 .4475- .13047321 4 .0196890 137 .0120
1 .4500- .*1 "3002869 4 .0215887 137 .7071
1 .4525- .12958617 4 .0234910 1-:8 .4050

1 .4z5o- .12914560 4 .0253943 139 . 1,055
1 .4575- .12 8706s6 4 .027298S I Li9 S8086
1 .4600- .12827030 4 .0292053 140 5 1 d J-

1 .4625- .12783560 4 .0311146 141 . "2.3C,
I . 4 .5c) - .12740276 4 .0330232 14 1 .9341
1 .467gi- .12697186 4.0349343 142,6480

1 .47.-- .12654289 4 .0.368479 143 . 3G46
1 .47:5-. .12611500 4 .03 87624 144 .0839

1 .4750- .12569058 4 .0406777 14-4 .8058
1 .4775- .12526720 4 .0.25:9 14.3 . 5303

1 .4800- .12484573 4 .044512- 146 -"-- 79
'1 .4a2:- .12442614 4 .0 46 .337 146 880

1.85o- i'sO0R ~ 0~ 017 .72013
1 .4875- . 12-592. .3 4 .0502767 n '18 .4564
1 *4900- .12317824 4 .0522003 1.14 9 , 1917
1 .4925- *1 2^76595 4 .0541262 149 .9358
'1 . ; 'z a. C, - 2.d3z54s 4 .0560530 " .!-, . 6 79 G
1 .49 75- .1 1946"€3 4 .0 57QAr)4 151 .4262

WADC TR 54-Z79 404



Table 4 (Continued)

0.2550 4 g 4 3.1250

F G H

1 .5000- 1 21 53=98 3 4 .0599 103 152 . 1756

1 .!O 25- 1 :j ': 1 "" 6 A 4  . 6 1 8 3c' :  1 .5/.. 9277

1 .*0 .0- 1 2073130 4 .0637723 153 .6827

1 .507'1- 1 eo-(.2965 4 .0657044 154 .4404

1 .5100- 1 19 929^0 4 C676388 155 *200A

"4 r- 25- .1 i - .; c i 06 4 .06.9. 7-.; 5 155 .*7,641

1 .5150- 119 '1 3 -'J 4 .0"f t, 09,T 156 .7301

1 . , " 7"-.- .1 18740 b 4 0"73-,47o 1 5; '7 4 Q' 1

.. 520- .11834762 4 .07F3861 158 .*2 t -

1 .5225- .1 1795635 4 *07732 d, 1';9 0453

1 .5250- .11756681 4 .0792680 159 .8227

1 .5275- . 11717895 4 .0812105 160 .6029

1 .5300- .11679274 4 .0831535 161 .3t%60

1 .5325- . 11640820 4 . 0 A3 :- 0 73 1R 2 1719

1 .5350- .11602535 4 *CS" 0433 162 .*9607

1 .5375- .1 1564414 4 .08-5 9899 163 . 7523

1 .5400- 11526456 4 .0909371 164 .5468

1 .5425- 1 1488661 4 .0928849 165 3441

1 .5450- ,11451031 4 .0948350 1C6 1444

1 .5475- ,11413562 4.0967856 166.9476

1 .5500- 1 137TA 54 4 0L87369 1 G 7 , Tf. =*
1 S525- .11339104 4 .1006887 16 A,5625

1 .5550- 113021 17 4 .1026427 169 .3744

1 .5575- 11265288 4 . 1045973 1-10 . 1891

1 .5600- .11228615 4.1065524 171 .GC68

1 .5625- 11192098 4 . 1085081 171 .8274

1 .5650- .11155741 4 . 1104659 1-2 6 510

1 . 5 ;75- 1 11 19538 4 .1124242 173 .4775

1 5700- 1 1033488 4 . 114 3S31 174 *3069

1 .5725- .1 .047592 4 .1163426 175 .1393

1 .5750- 111011847 4 1182 25 175 ,9746

1 .5775- .10976258 4 . 1202645 176 .8129

1 .5800- .10940815 4.1222255 177 .6542

1 .;,82-- . 10905S27 4 . 1241886 178 .4984

1 ,5850- .10870387 4 . 1261 T 21 1 -7 t, . .-14.5,C

1 ,5 ..,f 5- .10835400 4 . 12 -1 177 180 . 1939

I .C5900-- 10800 .56 4 1300822 181 *0-191

1 . 592:- .10765863 4 ,13-20488 181 .9053

1 -' 5O Q- . 10731316 4 .134(. 15 0 1L,2 "7r 40

1 .5975- .10696914 4 .1359834 18 . 6269

1 *600'- .10662658 4 . 1 -79514 1 . 4921

S 0 2.5,- .106285.45 4 . 139919.! 185 .3604

1 60 5U -. 10594579 4 *141 8Qn 180 2"318

i .0 7 5- 10S6C)7!:.2 4 . 143841 1 ' 187 .1 062

"1 6100- .1052707A 4 14 5 0 3 .5 1 . 7 9e37

. 6125- 1 0 493533 4 . -4 0'3 "1 n$3 , C5 - --

1 61 50- 10 60 133 4 *1497765 1 13.9 .74 7t

1 *5175 - .1042687 2 4 1517491 1!9 0 , 3, "?

. . - 1039.4751 A .1537222 1 9 1 , 240

1 6225- 10160 F"71 4 * 1556972 192 . 4 1 6

405 WADC TR 5.4-Z79



Table 4 (Continued)

0.2550 4 3.1250

FG H

1 .6250- . 10327926 4, 1576711 193 .3126

1 .62 '5- . 10295221 4 ,159,6469 194 .2116

1 .630'1- . 10262652 4 1616232 192, .1137

1 .6325-- .10230219 4 . 1635998 196 .0188

1 .6350. .10197921 4 .1655768 196 .0271

1 .6375- .10165760 4 . 167b,58 197 8316

1 .6400- .10133730 4 ,ICS5335 198 *7b .il1

1 .6425- 10101836 4 ,1715133 199 .6708

1 .6450- .10070071 4 .1734918 200 .5916

1 .6475- .10038441 4 1754722 201 . %15b

1 .0500- .10006942 4 .1.7-74531 202 ,4427

1 ,6525- .09975570 4 .1794327 203 .3729

1 .6550- ,09944331 4 .1814142 204.3064

I .6575- 09913221 4 .1833961 205 .2429

1 .6600- .09882243 4 .1853798 206 .1028

I .6625- 098.1389 4 .1873C24 207 .1257

1 .6650- .09820662 4 .1893453 208 .0719

1.6675- *09790062 4 .1913285 209 .0212

1 .6700. .09759592 4 .1933136 209 .9735

1 .6725- .09729243 4 .1952975 210 .9296

1 .6750- *09699022 4 .1972833 21 1 .86

I .6775- .09668922 4 .1992678 212.8508

1 *6800- .09638949 4 .2012542 213 .8162

1 .682,-- .09609099 4 .203P409 214 .7850

1 .6850- .09579367 4 .2052264 215 .7568

1 .6675- .09549761 4 .2072136 216 .7320

1 .6900- 009520276 4 .2092013 217 .7105

1 .6925- .09490911 4 ,21 1 1892 218.G922

1. 6950- .09461666 4 .2131774 219 .6772

1 .6975- 09432541 4 .2151659 220 .6655

1 .7000- .09403531 4.2171531 221 .6570

1 .7025- .09374642 4,2191422 222.6518

1 . 7050- .09345871 4 ,2211315 223 .6499

1 .707- .0931 72 1 7 4 .2231212 224 .6514

1 .7100- 09288680 4,2251111 225.6561

1 .7125- .09260258 4 .2271012 226 1

1 .7150- .09231952 4,2290917 227.6755

1 .7175- .09203761 4 .2310824 228 .6902

1 .7200- .09175684 4 .23301,34 229 .7083

1 .7225- .09147720 4.2350646 230.7297

1 .7 2 50- .09119870 4 ,2370561 231 .7544

1 .7275- .09092132 4 2!390479 2J2 ..7 a 25

1 .7300- 009064507 4 .24 1OS ". 9 233 .6140

1 .7325- .09036993 4 .2430324- 234 ,8488

1.7350- *09009509 4,24150247 235..870

- ..731 - *08982297 4.2470174 236.9286

1 .7400- .089551 14 4 .2490104 237 .9736

1 .7425- C8928041 4 ,2510037 239 ,0220

'b .7450- .08901073 4 .2529956 240 ,0737

1 '7475- .08874217 4 .2549893 241 . 1290

WADC TR. 54-279 406



Table 4 (Continued)
0.2550 4 $ 3.12so

F G H
1 .7500- .088474G9 4 2 5698 -i3 4 ? " 7 6
1 . 75 5- .08820828 dt .2589775 243 *24 V6
1 .7550- .C8794290 4 .2601-704 24'4 " 190
1 " 5 - 0 A " A 7-7863 4 , !2 05 29 , 50 245 3840
1 7600- .08741337 4 .2649554 -46 .4562
1 .7625- .08715321 4 .2669535 247 "-321
1 . 7650- .06089206 4 .2689473 248 .F 113
1 .7675- .00663195 4 .270O9-111 PA9* 6940
1 .77,00- .08637291 4 .27293TO 250*7e02
1 .7725- . 0861146 t 4 ,2749Q315 251 . 869
1 .7750- .06585766 4 ,.2769262 252. 9629
1 . 7775- .06560188 4 .2789210 254 .05c)5
1 .7800- .06534691 4 .2809162 e *p 1-. . b
1 .7825- .08509296 4 .28291 15 256 .2633
1 .7850- .08464002 4 .2849070 257 .3704
1 .7675- .08458805 4 .2869012 258 .4810
1 .7900- .08433711 4 .2888971 259 . 59 52
1 . 792b - .08406f13 4 .290.iv I 7 , Q t. - 7 1 _9
1 .7950- .08383617 .4.2928881 261 .8341
1.7975- .08359017 4.2948831 262 .9589
1 .PCO00- .06334315 4 .2968783 2164 .0872

f 1 .fO25- .08309711 4.2988737 265 .2191
1 .8050- .08285204 4 .3U Q 869 3 266 .3545
1 .80 75- .08260793 4 .3028651 267 .4935
1 .8100- .06236479 4 .30 43611 268 .6362
1 . 812 k- .06212258 4 .3068558 269 .7822
1 .8150- .OP 188135 4 .3088522 2-0 . S321
1 .6175- .08164103 4 .31 08473 272 .0853
1 .8200-. . 0 8140 1 67 4 .31 28425 27 3 .2423
1 .6225- .08116324 4.3140300 27 1 -028
1 .8250- .08092575 4 .3168337 275 .5670-
1 .8.75- .0a0689 19 4.3188296 276 . 7349
1 .6300- .08045356 4 .3208257 277 .9063
I .*325- .08021882 4 .3228204 279 •081-
1 .8350- .079985031 4 .32 e 8168 2 R • .2 .,L 1
1 .8375- .07975212 4 .3268118 281 .442.5
1 .8 400- ,079c;70 13 4 .3288070 282 •6285
1 8425- .07928904 4 .3 30 024 28- .01d2
1 .8450- 0 7w0 5 ed 4 A.J4. '7 of4 :..8 5 , 1 14
1 8475- .07802953 4 .3347922 n-"86. 2Cas
1 .8500- .07860110 4.3367,365 287 .4091
1 .8525- .07837360 4 .338" -, 7 288 . 613 ,
1 . 855I- .07814694 4 .3407 77 75 289 .8217
1 .8. 75- .0779P1 17 4 .34'?"7724 29 1 .(_)'-1'
".8600- .077696"i 4 .. 40 "76 . 1 2 92 24 .'n
1 .8625- .07"4 7223 4 .34676 14 29a3 .46-5.2

. 8650- )7724905 4 . 14 S 7 b5 6 5- 4 .691 1
1 .8675- .07702673 de .3507497 W 78

11 07 - .076eOs 4 3S2744Q 2 7 1 4 5:2
1 .8723- Q b7 rs. 46 8 4 , 3 5 4 3 8 G

407 WADC TR 4~;



Table 4 (Con titued)

F GH

1 .8750- . 0" -It%,4w 1 4 .3567318 . . 65e0 3

1 ,87 S'- .076146C'1 4 .3r07266 30-- .8 a6:..0
; ^ A O0- .07592793 4 .3607202 302 . 10-14

1 .6825- .07571070 4 .362713V M0;3,3.c

1 , S50- .076-.49427 4 .3647063 304 .609G

1 .8875- .07527870 4 .3667004 305 .866.1

1 .8900- .07506394 -4 A A386931 307 . 1269

1 ,*8925- .0"748000 . .3706860 308 *-912

1 .8950- ,07463689 4 .'3 7 26791 309 ,65V4

1 .8975- ,07442459 4 *3-f4e,'/24 3l0 .9314

I ,9000- .07,21308 4 .3766643 312 .2072

1 .902S- ,07400239 4 .3786-564 313 4,86k

1 .90 50- .07379250 4 .3806487 314 .7702

1 .90"75- *07358341 4 .382641 1 316 .0576

1 .9100- *07337510 4 .3846322 317 .3486

1 .9125- .07316758 4 ,3866235 318 .6436

1 .9150- .07296086 4 .3886150 31W. ,9425

1 9175- .07275492 4 *3906066 321 .2452

1 .9200- .07254975 4 ,39259G1 322. 5517

1 .9225- .07234538 4 .394S889 323 ,86;3

1 .92-o- .072141 77 4 .3965795 325 .1766
1 .50275- *071 93890 4 .3965688 326 . 4948

1 .9300- .071 73683 4 .4005S98 327 .8170

1 .9325- *071.53551 4 .4025494 329 .1430

1 .,V3 .O- .07133495 4 .4045393 330 .4730

1 .9375- .0"T 11S512 4 .4065278 331 .8068

1.9400- .07093608 4.4085179 333 .1448

1 .2425- .07073777 4 .4105068 34 .48G5

1 .9450- .07054018 4 .4124943 335.8321

1 .9475- .07034336 4 .41 - 4836 337 .1817

1 .9500- 07014727 4 .4164714 338 .55353

1 .9525- .06995191 4 .41 34595 339 .8929

I *95::;O- .06975OS729 4 *4204477 341 .2544

1 ,9575- .06956339 4 ,42 n4-!: --G 342. e 199
1 .9600- .06937021 4 ,424421"7 343 .9894

1 .9625- .06S1777C 4. .4261 090 345 .3 .23

1 .9650- .06898601 4 .4283949 346.7403

1 . 9b''FJi - .06879498 4 .430738 10 348 . 1217

1 .9100'. 06860467 4 .4323673 349 ,.072

1 ,9725- .06841507 4 .4343--38 350 .8967

1 .975-0- 06822617 4 .6363389 3 ;2 . 290- -m

1 .9775- .06803796 4 . 4383P43 353 .6878
1 .9800- .0678a 045 4 . 440 -3% c..' 3!.5 .0893

1 .9825- -  ,06766365 4 .4 2 2 Q 14' 356 /-I..9 I.i0

1 .9850- .06747753 4 .444 2784 3 S ".-4047

1 .9t 75- 06729209 4 . 4A 6-01 .5 -3.-5 q .3184

1 *900- .00710734 4 .4482447 360 .7361

1 .9925- .( 6492327 4 .450 2;82 3 *o . 1580

S . v0 - 06373989 4 .4522 11AR 363 .5840

1 .9975- 0 66 -5S7 '1 03 4 . 4 9 4 1 9 4 365 . 0 140

WAD)C "CR 54-279 408



Table 4 (Continued)

0.25504 6. 3,12SO

F 0 H
2.0000- .06637514 4 ,45#5 1766 36: . 4461

*, CC%25- 06619378 4 . A CS1 ,: 4 367 b 63
2,0050- .06O1308 4 .460-1407 .159 ,. t.z 7

2 .00 *!s- *06ti3iJ04 4 -4ft I de 37. Q 7751
2 ,0 100- 0G54,55365 4 . 4641 0 25 372 .2256

2 ,0125- 065474.o5 4 .4660845 373 .6804

2.0150- .06529687 4,4680636 375 .1391

2 .0175- .06511946 4 ,4700445 "q 76 ,6022

2 .0200- .06494270 4 .4720240 3"78 .069?

2,0225- *06476658 4 .4740037 379 .5405

2 ,0250- .06459110 4 .4759822 381 .0159

2 .0275- .06441626 4 ,4779608 382 .4955

2 .0300.- .06424207 4 .4799396 383 .9794

2 .0325- .06406850 4 ,4819171 385 .4672

2 .0350- .06389557 4 .4838949 386 .9594

2 .03 75- .06372325 4 .4858713 38 .4557

2 .0400- .06355157 4 .4878479 389 .9562

2 .0425- .06,38052 4 .4898248 39 1 .4609

2 .0450- .06321008 4 , 491 - 6Q

2,0475- .06304026 4.4937761 394,4830

* 2.0500- .06287106 4 49457520 390 ;.0-5

2.0525- .06270247 4 .4977267 397 .3221

2.00350- .06253449 4 .4997016 399 .0481

* 2.0575- .06236711 4,5016752 400 .5701

2 .0600- .06220034 A ,b036490 402 ,1125
2.0625- .06203417 4,5056230 403.6512

2 .0650- .06186860 4 .5075957 405 . 1942

2 .0675- .06170363 4 .5095687 -06 .7-1 1.1
2 .0700- .06153924 4 .51 15403 408 .292 c)

2,0725- .06137545 .. 513.3122 409,8487

2 .0750- .06121223 4 .5154828 41 1 .4086

2 0775- .06104963 4,5174551 412,9732
2,0800- .06088758 4,194247 414.5419

2 .0625- .06072t-12 t, .521 73945 416 ,1 149

2 .0850- .06056524 4 ,5233644 417 .6922

2 ,0875- .06040495 4 . 52 .;.:s347 419 . 7-4 0

2 .0900- .06024522 4 .5273036 4;000 8601

2 .0 92'5- *0600860rb 4 . 52 92 7*'q 4:e 49 v04-

2,0950- .05992746 4 .5312392 424.0451

2 .1.975- .05976943 4 . 53.j 20" ,:1 . S. .6 4 .- 4

2 . 1000- .05961196 4 .635 17.,42 4,-" .24 7 6
2 ,1025- .05945506 4 . 53 7 1& :. 3 ;.18 . 855G

Z! .1050- .05929871 4 .3 3 S 1 -) i'-,. 4-.0 . 4 I 78

2 .1075- .0591a292 4 .54"1 0'.172 4.. 12 . 0 0:3 d4
44d. 1100- .05 0 8 6' 4 .543o.381 433 .7054

. I 125- 05 832qo5 4 *54-OOZ' 4.5 .3305
2 . 1150- .058678A5 4 .5 4 F 9 0.84 A -- 65 . cr, 7

1 175- . - , 'S2432 5 4 .54 8 9 3 ': 4.28 59 950

1200- .05837218 4 5'-50 ^ -0 53 440 *2" 3.?.

2 .1225- .0 5,8 21967 4 . 2 P -, :' 44 1 .8 7 r 7

40? WADC TR 2 -79



Table 4 (Conti-ued)

0.2550 4 3.1250

FG H
2 .1250- .0560677C, 4 .5548216 443 .5243
2 1275- *05791626 4 ,b5678jfb 44,- .1763

2 .1300- .05776536 4 C; C -A 9 OC. '12e
2 1325- . 0576i498 4 5607070 448 o ;35

2 1 31 % - .05746514 4 ,562F6 5 4r0 1 ..j90

2 ,13 75- .05731302 . .55-46283 a. 5 1 o6289
2 . 1400- .05716703 4 .5665e086 4 i *5032
2 . 1425- .05701875 4 .5685477 455 . 1820
2 . 1450- .05687101 4 *5705070 456 .8653
2 .1475- *05672377 4 .5724651 458 .5531
2 .1500- .05657705 4 ,5744234 460, . -!455

2 o1525- .05043084 4 .5763806 461 .9423
2.1550- .05628515 4 .5783380 463 .6437

2.1575- 05613996 4 .5802941 465 .3495
2 . 1600- .05599528 4 .5822505 467 .0600
2.1625- .05585110 4 .5842058 468 .7749

2 .1650- 05N570743 4 ,5861612 470 ,4944

2 .1675- .05556427 4 .5881170 472 .2186
2.1700- .05542159 4 ,53 00700 473.9472

2 .1725- .05527942 4 ,5920248 475 .6605

2 , 1750- .05513772 4 ,5939769 477 .4182
2 .1775- .05499654 4 .5959307 49 . 1607
2 . 1800- .05485582 4 .5978819 480 .9076

2 .1825- .05471562 4 .5998348 482 .6593
2 . 1850- .05457588 4 .601 7851 484 ,4154

2 . 187'5- .05443663 4 .6037356 486 .1761
2.1900- .05429787 4,6056864 487,9416

2 .1925- .05415958 4 .6076360 489 ,.7117

2,1950- .05402177 4 .6095859 491 ,4 a64
2 .1975- .05388444 4 .6115345 403 .2C57
2 .2000- .05374756 4 .61--44821 495 .04-7
. .2025- .05361117 4 .6154299 496 .8383
2 .2050- .05347526 4 .6173779 498 .6317
2.2075- .GS339G0 4 *b193248 500 . 4297
2.2100- .05320481 4 ,6212705 502 .2324
2 .2125- .0530702a 4 . 62 32 165 504 °0:,97
2 .2150- .05293621 4 ,625 1 613 505. 8 "
2 .1- 1 75- .05280261 4 .6271064 SO 7 .6685
2 .2200- .05266c45 4 .6290 504 50 Imo . 4O9 S:

S.22'1-- .0525S675 4 .630993 i 511 .3160

2 .2250- .0 52 i 0 . _ ,C 4' . c _; --:; r: 2 Z I 3 . 1 4 e;-
2 .2275- .05227272 4 .6-J48796 514 .D 23
2.2300- .05214138 -" ,368215 516 .8229
2 . 232 . - .Ob201O4& 4 . 63 r376.-: - 518 .6679
2 .2350- .05188003 4 .640704"t 520 .c173

Z.*2375- 0S175003 4 .642r443 522 3724
2 .2400- .05162045 4 6445!3. 524 *2316
2.2425- .05149133 4 6465;. 2 7 !- 26 .0957
2 . 24 !-0- .0 136265 4 .06404623 527 .9647
2 .24 75- .05 123440 0 50 4008 5 .9 6 3:,

WADC TR 54-279 410



Table 4 (Continued)

O.ZSSO, 4 3.1250

F C f.

* .2500- .05110658 4 .6523382 531 .7169

2 .2525- .05097920 . 6542758 533.6002

2 . 2550- .05CZ5225 4.6-56212"4 S3"; 4a03

2 .2575- .05072572 4 .6581477 537 .3811

2 .2600- .05059962 4 .66008:3- 539 .2788

2 .2625- .05047393 4 .6620 194 541 . 18 ia

2 ,2650- .05034071 4 *6639S29 543 00887

2 .2675- *05022380 4 .665 A866 54'Z .0009

2.2700- .0S009948 4 .66"7 M20 546 .911-SO

2 .2725- .04997550 4 .6697536 548 .8400

2.2750- .0495-192 4.6716854 550.7667

2 .277b- .04972777 4 .6736175 552 .6984

2 .2800- .04960603 4 .67 55485 554 6349

2 .2825- .04948370 4 .6774799 556 .5764

2.2850- .04936178 4 .6794101 558 .5228

2 .2875- .04924027 4 .6513392 560.4739

2.2900- 04911916 4 .6832687 562 .4301

2 .2925- .04699846 4 .685 1970 .AA 4 37" 1

2 .2950- .0406761b 4 .. b 1242 566 *3570

2 .2975- 04875826 4 .6890518 568 .3279

2 .3000- .04863876 4 .6909 783 570 .3036

2 .3029- .04851967 4 .692905' "72 .2845

2 .3050- .04840096 4 .694a)08 574 .270 1

2 .3075 - .04828265 4 .6967554 576 .2608

2.3100- .04816474 4 .698&803 578 .2565

2 .3125- .0450472"1 4 .7006042 580 .2570

2 .3150- .04793007 4 .7025270 582 .2626

2 .3175- .04781333 4 .7044501 584 *2731-

2 .3200- .04769696 4 .7063721 586 .2887

2 .3225- .04758098 4 .70 2931 5 -8 3.3091

2 .3250- .04746539 4 ,7102143 590 3347

2 .3U 75- .047350 18 4 .71 21345 59 2 .3652

2 .3300- *04723536 4 .71 405p 1 594 .4009

2 3325- .04712091 4 .7159747 590G .44 15

2 .3350- 04700683 4 .7178931 598 ,4871

2 .3:A 75- *.04689314 4 .719 1 19 600 3L '9

2,3400- 0467795 1 4 .7217.296 'O2 * :5 6

2 .3423- *04666686 4 .72-6462 604.6544
2 4 5. 0 4 -. -  _ , E. - 4 4 . ,F .4 , _ - * e . " e- 0 b . 7 2 0 1

2 .3475- .04644206 4 7274778 608 .791 s

2 .3500- .04633023 4 . 7293!:4 1 611-, .8672

2 .3525- .04621874 4 .73 "13obc 6: 2 .9482

2 355L' - .04610763 4 .7332221 615 0344

2 .3575- .04599689 4 .735136c: 6 "1 1Z

2 .3600- ,0 4 te8 -Q 4 * 7-- .70 - 89 C; 1"2

2 .3625- . U4577647 4 .7389 613 e"1 12T-

2 3650- .0C4,'66680 4 . 7--10 87 33 623 4301

2 .3675- A.0;557n0 4 .7427846 6"25 ,4 "20

2 .3700- j 4544 8"2p5 4 . 74 A -- 9. 4 62-7 T' 3

2 ,3-725- 4533995 4 . o . c., .: 1 629 7 e C

411 WAD, TR 54-279



Table 4 (Cnntinaed)

O.2550~ 17k
FG H

2 .3750- .04523 1 "?C, 4 .7485 138 631 .9080

2.3775- .04512381 4 , 750 4229 634 .0404

2 .3800- 04501626 4 .7523309 636 . 1778

2.3825- .04490908 4.7542 -43 67-46.3206

2 .3850- .04480224 4 .7561467 Ad An .A 685

2 3975- .04469573 4 . 7580=; -. 31 E42 .6215

2 .3900- .04458958 4 .7599585 644 .7797

2 .3925- .04448377 .4 .75 -8642 646 .9432

2 .3950- .04437830 4 .1637689 649 . 1119

2 .3975- .04427317 4 .7656t27 -51 T'357

2 .4000- .044 16837 4 .7675753 653 .4646

2 .4025- .04406392 4 .76.-4784 655 .6489

2 .4050- .04395981 a .77 13&05 657 .8385

2 .4075- .04385603 4 .7732830 660.0334

2 .4100- .043752S9 4 .77- ,18.45 662 .2335

2 .4125- .04364940 4 .7770850 664 . 4387
S.4150- .04354669 4 .7789844 666 .6493

2 .41759- .04344424 4 .7808828 668 .8651
S.4?0c .0433421i 4 . -827818 67 1 . IM; 1

2 .4225- .04324032 4 .7846796 673 .3125

= .4250- .04313885 4 . b655779 675 S5443

2 .4275- .04303771 4 .708474.0 677 .7813

2.4300- .04293688 4 .7903701 680 .0235

2* .4325- .04283639 4 .7922669 682 .2713

2 .4350- .04273620 4 .7941612 684 .5241

2 .4375- .04263635 4 .7960560 686 .7824

2 .4400- .04253680 4 .7979498 689 .0;61

2 .4425- .04243758 4 .7998425 691 . 31 49

2 .1150- .04233867 4 .8017358 693 .E-AV4
2 .4475- .04224008 4 .8036280 695 .8691

2 .4500- .04214180 4 .8055 13 6.98 .1541

2 4525- .04204n83 4 .8074096 700 .4445

2 .4550- .04194617 4 .8093004 702 .7403

2 .4575 - .041640.8 1 4 . 81 11 IS 7 705 .04 13

2 .4600- .041751 78 4 .8130790 707 .3481

2 4625- .04165505 4 .8149668 709 .6600

2 4650- 104155861 4 .8168337 711 .* -73

2 .4675- .04146249 4 ,8187410 714 . 3002

: ..4 ,;- .04136667 4 .8206274 71 IF -. 84

2 4725- .04127116 4 .8225142 1 1 9 22

4750- .041 17594 4 ,82 i 387 721 .3013

2 .4775- .04108102 4 .826283C, 72; .6458

2 . 800- .04n 8641 4 .8281 C7.f ".!5 S0958
' 4825- 0 4009208 4o .8300506 728 35 S1 2

2 .4850- .040 7Q307 4 ,8319341 730 71 ?4
. 4875- 040704.743 4 .833 8 ! f2 733 0786

2 . 4W00- .04061089 4 .83 56968 7n5 .4505

2 .4925- .0 4051776 4 . a Z4I 7 7 3 S.7 ";" 825 1

2 .4950- .0, p42491 4 .8394586 740 .2 10
2 . 4975- .040332?5 4 0 -* b :3? R 78 4;- .59S ,

WADC TR 54-279



Table 4 (Continued)

0.25504 4 3.1250

F G H
2 .5000- .04024007 4 .8432167 744 °9931
2 .5023- .040146,10 4 .4550 ,64 74',' .3027
2 .5050- .04005640 4 .8469f38 749 .- '976
.? .507.5- .OMPQ649 9  4 .8488503 752 .20bO
2 .5100- .03987387 4 .8507273 754 .6241
2 .5125- .03978303 4 .8526033 757 .0457
2 .5150- .0396924'f 4 .85447e - 759 4728
2.5175- .03960219 4-,--63526 761 ,9055
2.5200- 0n951220 4 .8582273 764 .3438
2 .5225- .03942249 4 .8S01011 766 . 7877
2 .5250- .03933306 4 .8619739 769 .2371
2 .5275- .03924390 4 .8638459 771 .6922
2 .5300- .03915501 4.8657169 774 . 1528
2.532.5- .03906640 4.--675865 776.ib191
2 .5350- .03897807 4 .8694591 779 .0910
2 .5375- .03889001 4 .57 1 388 781 .5685
2 .5400- .03680222 4 .8731977 784 .05 16
2 .15425- .038714-0 4.8750656 786 . 5403
2 .5450- .03862746 4.8769340 7C^ .034
2 .5475- .03854047 4 .8788002 791 .5346
2 .5500- .0364537C3 4 .8806669 794 .0 -0 5
2.5525- .03836732 4 .8825326 796 .5517
2. 5550- .038281 1A 4 .8843989 799 .0690
2 .5575- .03819523 4 .8862629 801 .5916
2 .5600- .035 10958 4 .8881274 a0 4 . 12n1
2.5625- .03802419 4 .88999 11 806 .6542
2 .565a- .03rW3907 4 .8918538 809 .1940
2 .5675- .03785420 A 7 1 -i7 811 .7396
2.5700- .03776959 4.8955767 814.2907
2.5725- .03768525 4.8974383 816.8477
2 .5750- .03760115 4..8992975 819 .4104
2.5775- .03751732 4 .9011573 821 .9788
2 .5800- .03743375 4 .- 0:30163 824 .t..31
2 .5825- .03735043 4 .9048757 V2"7 .1-302
2 .5850- .03726736 4 .9;6 T329 829 . 7 1 8
2.5875- .03718454 4.9085893 832 .3102
2 .'900- .03710198 4 .91C4462 834 .90-7 _
2 .5925- .03701967 4 .9123022- 837 .3106
2 .5950- .03693761 4 .91415-4 .4-0 1194

-0 15- .'8 57- 4 .916n117 -12 .72-0
2 .6000- .03677422 4 .: 178652 84!3 .354
2 .6025- . 0 a669 2 91 4 S. 97 lg? .4 ;, .9806
2 . AO 50- .03661 184 4 .92 15724 a: 80 .6130
2 .6075- .0 3 , 101 4 .92.':4234 a 53 .2509
2 .6100- .0:315-450,13 4 .9252749 35_=.  -E :t4--
2 .6125- .0337009 4 .92 71 ?5=5 058 . _440
'*- . 61 50- .0 3 G 28 9 S'9 4 . S2 - 9 75 54 85 1 19,95
2 , 6 1 7S - .036210 14 4 .V. 0C, "2 8bA09
2 .6200- .0-6 1 30 52 4 .9326739 8 , C. 528C0
2 6: 25 - C Z 051 15 4 .!9345226 561i 2C-0 1
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Table 4 (Contirl-.d)

O.25D # 3.1ZSO

F G H

2 .6250- .0ZV7202 4 936370! 87 1 .8801

2 .6275- .03589312 4 ,9382176 874 .5649

2 .6300- .03561446 4 .9400630 877 .2556

2 .6325- .03573603 % ,94 1 9":V3 879 .952

2 .6350- .03565784 4 .943 7539 862 .6546

2 .6375- .03557969 4 .9455991 s5. .3632

2 6400- .03550217 4 .94 74420 e8 .0774

2 .6425- .03542468 4 .949 285f p ts a o .7978

2 .6450- .03534742 4 .9511276 893 .5239

2 .6475- 03527039 4 .9529689 896 .2560

2 .6500- .03519360 4 .95468 114 898 .9944

2 .6525- .03511703 4 .9566517 901 .7384

2 .650- .03504069 4 .95.4912 904 .4884

216579- .03496458 4 .9603299 907 .2444

2 .6600- .034.8870 4 .9621692 910 .0065

03481304 4 .9640077 912.7746

2 .6650- .03473760 4 ,96584.0 1 .484

2 .6675- .03466239 4 .9676809 918 .3.86

2 .6700- .03458741 4 .- 95171 921 . 1146

2 -F 2-@.t -  .*0345 1264 4 ,97 1 3524 923 .9066

2 ,6 7 =0- .03443810 4 .9731870 926 .7047

2 6775 - .(14436378 4 .97 I 50221 929 .5089

2 .6^00- .03428968 4 .97685051 932 .3190

2 6825- .03421580 4 .9786887 935. 1353

2 .6850- .03414213 4 .9805201 937 .9575

2.6875- .03406868 4.9823522 940.7859

2.6900- .03399546 4,9841835 943.6204

2 .6925- .0 33iR2244 4 .9860 139 9d 6 .*4609

2 .6950- .03384964 4 .9878437 949 .3075

2 6975- *03377706 4 .9896726 952 . 16%2

2 . 7000- .033704,, 4 .99 15008 95 .0190

2 .70 25 - .03363252 4 ,9933282 957 .8838

2 .7050- 03356057 4 .99 51549 960 7SA7

2 .70 7S- .03348884 4 .9969822 963 .63 a0

2 .7100- .03341731 4 .99 iso073 w-e e. 5 i,2 j

2 .7125- .03334600 5 .0006331 -, . 4047

2 .7 i 50- .03327490 5 .00 24.i1 5 - 2..0C4

2 .7 75- .3320399 5 .00,12810 .a7 ; , 1C

2 .7200- .03313330 !: .0061045 978 .1 0'

2 .722 '- .03306282 5 .C079273 9e3 1 .0 -'3

2 7250 - .0Z299254 5 .00974 - : g8 3 .9441

2 72 %- .03292246 " .05 1570" 98( .8706

7300- 03285259 5 .0 1 33 1 989 . 2031

. 7325- .C3278293 5 .01 5 1'i 992 *7 21

27 350- .03271n47 5 .0 1 70 3 1 4 S? i * ! . 6 t 7

2 3 7-; - *r3264420 5 .018849-7 998 .638 2

"74..0O- 0 J 257515 5 .0206687 1001 .595

2 74215- .0325,628 5 .0224 56 1004 5E9

2 .745U- .03243763 s .C2--3031 1007 .529

;x e 75 - 0 32 3 ; 9 1 6 S .0261 185 1 0 1 0 .*50
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Table 4 (Continued)

0.25504 9.6 3.1250

2.7500- *0.-23O090 3.0279346 1013,486

2 . 7525- 03223284 5 .0297499 1016 .476

" 2.7550- .03216497 5.0315645 1019.471

2 .7575- 03209729 5 *03337"70 1022 .472

2.7500- .0320296"! 5.0351902 10;5 400

2.7625- .03196254 5.0370027 1028.494
2.7650- .03189545 5,0380144 1031 .514

2.7675- .03182856 5.040625- 1034.540

2.7700- .03176187 5 .0424372 1037 .573

2 .7725- .03169535 5 .0442468 1040 C- 12

2.7750- .03162904 5.0460557 1043.657

2 . 7775- .03156291 5 .0478639 1046 .709
2 .7800- 03149698 5 .0496728 1049 .767

2 .7825- .03143123 5 .0514"(96 1052.832

2 .7650- 0a136566 5 .0532858 1055 *902

2 .7675- .03130030 5 .0550926 1058 .980

2 "7900- .03123511 -% .056897 ; 1062 , 0 oL
2 .7925- .031170 11 5 .0567027 1 065 . 153
2 .7950- .03110530 5 .0605060 10,68 .249

2 7975- ,03104068 S .3-23 10 1 -, % - , -.52

2 .45000- .03097623 , 04 1 121 1074 .461

2,8025- .0309119? 5.0659147 1077.5 ft,

2 .80 50- .03064790 5 *0677167 1050 .698

2 .8075- .03078401 5 .0695180 "1 08 3 .8-7

2 .8100- 03072030 -3 0713173 1086 .961

2.5125- .03065677 5.0731172 1090.102

2 .8150- .03059342 5 .0749165 1093 .250

2.6175- .03053026 5,0767151 1096.404

2 .8200- .03046726 5 .0785- 17 1099 .565
.8225- 03040445 5 .0803090 1 102 732

2 .250- .03024182 T .082 1u56 1 105 *905
2 .8275-- .03027937 5 .083901.' 1 10C .085

2.6300- .03021709 5 .')56TI68 1112 .272

2.8325- .03015499 !; .0874914 1115.465

2 .6"A50-, .03009306 5 .C 978.34 1 1 1, . A4

2 .8375- .03003131 5 .Cow 10787 1 121 .870
• .8400- .02996973 5 . 0928-/ 14 1 125 .083

2 .8425- .02990833 5 .094G634 1 120 302
2 .8450- .02984710 S .0-1)6 54"[ 1131 528

2,.8475- .02978604 r5" .09 F32454 1134 760

2 .8500- .02972515 5 . 1000 355 1 1 j "r . S? ,

7. 8525- .02966444 5 .101824% 1141 .244
2 .85550- .0296038Q .! v 361 -io.- '1 144 4 ' ,

2 .a 8575 - .02954352 ..1054018 1147 754

2 .6600- .02948331 5 ,1071623 1 151 .0 1
2 .8625- .02942328 5 . 1, 'T 761 1! 5 4 .2 - "I

2 .8 C 50 - O f' 36341 5 .110"7.23 1 7 r, 5 _.

2 *b6-7-- .02930371 5 1 11 2 -5480 16 0 . D4

2 70 C - . 0 292441, 5 1 .1 33 9 11 -4 145

2 .6725-- .02918481 5* G 11 2 1 "1 67 .,14:3

4i5 WADC 'R )4x-Z79



Table 4 (Continued)

0.z550: < 3.1Z50

F G H

2 .8750- *02912561 .1 1179009 1 170 .7A

; . 8775.- .02906657 5 . 1196840 1 174 .0'9

2 .i 80c- .02900770 5 . 1 2 .-n5-665 "177 .377
, 882 - .02894899 5 .1232483 1 SO . 71

2 8s-0- .02689M45 5 . 1250295 184 .033
2 .8875- .02883206 5 .126SUd7 1117 .370
2 .8900- .02S77:165 5 . 12 6 5f87 1190 .715

2.8925- .02671579 5 . 1303681 1194 .066

2 .8950- .0 28Z,5 '0 5 .1321468 1 197 .424

2 .89703- *028600 6 5 .13392-0 1200 * 79
2 .9000- .02854259 5 .1357025 1 204. 1C 1
2 .9025- .02846517 5 .1374795 1207 .539
2 .9050- .02642792 5 .1392558 1210 .924

2 .9075- .02837082 5 .1410302 1214 .315

2.9100- .02831368 5.1428053 1217.713

2 .9125-. .02825710 5 .1445798 1221 . 118
2 .9150- .02820047 5 .1463524 1224 .530

2 .9175- .02614AO0 5 .1481258 1227 .948

2 .9200- .02808769 5 . 14915965 1 231 .S 4
2.922!2- .02803153 5.1516693 17-34.806

2 .9250- .02797553 5 .1534408 123f .245

2 , 275 - .02791968 5 .*11"02105 1241 .690
2.9300- .02786398 5.1569609 1245.143

2 .9325- .02780844 n .15874W-' 1240o .602

2 .9350.- .02775305 5 . 1605 185 1252.068

2 .. 375- .02769781 5 .1622858 1255 .541
2 9400- .02764273 5 . 1640539 1219 .021
2 .9425- .02758779 5 . 1658200 1262 .507

2 .9A50- .02753300 5 . 1675856 1266 .000

2.9475- .02747837 5.1693506 1269.501
2 .9500- .02742389 5 . 1711164 1 '°-73 .008

2 .9525- .02736955 5 . 1728802 1276 . 522
2 .9550- .02731535 5 * 1746440 1270 .043
2 .9575- .02726132 5 . 1764062 1283 .570
2 .9600- .02720742 F . 1 7"/81484 1 287 .1015

2.9625- .02715368 -i . 1799300 1290 .646
2 .9650- .02710008 5 . 1816910 1294 .195
2 .9675- .02704662 ! .1834502 '1 --, 7 .730

2.9700- .02699331 5.185210, 130-9.312

2 .9725- .02694014 5. 1 560'59 5 1., .. 081

2 .9 f:0- .0266a7 12 5 .- 86r269 1308 .457
2 .9775- .02683425 5 .19.)4f552 1312 .040
2 9800- .02678152 5 . 192243, 1315 .630
2 .9825- .02672esW2 5 , 1939988 ; 1 I 9 .227
2 . a8 5u -- .026676'7 5 . 19 5 754 ri 1322 . M - 1
2 .i875- .0266241 -5.1975101 13--6 .442
2 .-S 90 c - .0 26572 00 5 .1992643 1 :. 2.) . 06C"
2 .9925- .0 "-, P..51 f? - 8 5 .20 10 18 0 1 332 6.->
2 .9950- C2e -,u- 5 .202771 1 1 3-2? - j %. C
2 99 7!- .264 1 6:4: C: 3 *2045251 1 340 . 95 _=;

WADC TR %4-2"9 '11 6



Table 4 (Conciuded)

F G H

3.0000- .02636.75 5.2062771 1344.601
3 .0025- .02631328 5 .206072 1346 .254
3 .0050- 002G26196 5 .20S77 es2 1 351 914.
3 .0075- 002621077 5 .2115287 1 355 .51

3 .0100- .02615972 5 .2132786 1 359 .255

3 .0125- .026106#%0 5 .2150267 1362 ,935

3.01 50- .02605803 5, 2167756 1366 .624

3 .01 75- .02400739 5 .2165226 1 370 .319
3 .02CC- .02S9--688 5 .2202705 1 374 .021

3 .0225- .02590651 5 .2220165 1377 .730

3 .0250- .02985628 5 ,2237619 1381 .446
3 .0275- ..1 2580616 5 .2255082 1385 .170
3 .0300- .02575621 5 .2272526 1368 .901

3 .0325- .02570038 5 o2289966 1392.636
-. 03 O- ,02"+ 5 5.2307400 1396 .363

3 .0375- .02560" 1 5 .23248516 1400.135
3 U40o- .0 2555''G8 5 .23 42240 1403 ,94
Z .0 4 25., .02550037 5 .229 5 S 1407 .660

3 .0450- .02545920 5 .237"039 1411 .433
3 .0475- .02541016 5 .2394468 1413 .214

3 o050'- .025361 24 5 .241 1859 1 419 .001
3 .0525- .0:et31247 5 .2429246 1422 .796
3.0550- .02526382 5.2446640 1426.599

3 .0575- *02521529 5 .2464015 1430 .404
3.0600- .02516690 5.2481386 1434.224
3.0625- .02511863 5.2498752 1436.048

S 06S0- .02.P070 49 U .2516099 1 -41 .878
3 .0675- 002502248 5 .25'33456 1445 .710

3 .0700- .02497460 S .2550606 1449 .*62

3 .0725- .024926a4 5 .2558141 1 453.414
3 .0750- .02487920 5 . 258T;469 1 457" .273
3 0775- .02463170 5 2602606 1461 .141
3 .CeO0- .02478432 1 -465.015
3 0e 2!5- .02473707 5 .26374350 7466 .*9

3 .080- .024C8993 5 .2C474-3 1477 18s
C• 0 7 s"- .02464293 5 o :'6720 5 3 14 6 .8i1

2 0900- .02459604 5 .2 6 A--,.V-3 a9 1460 .:30,0
3 .0925- .0245492a 5 .2706634 14A4 .495
3 0 ', asO- 02450264 5 . 27: 39 1 7 1 -188 .413
3 0 9 5 - .02445b 1 - -S .2 f41 luk. 1492 338

7; 1000- .02440973 5 P7-3 4I6 I 49fs .'70
. .,10 2- 02436:'A6 5 . 277 731 50 10

3 1050- *02,%31731 5 . 2792--8 i504 " 'J57

3 1 C1 75-- .02427128 5 .2P- 10242 1506 .112

3 1 100- *0.!422537 5 .2627491 1 S12 0 -. A
3 11 25- .0 24 1 7-5^ -7 2:1 4 4 7 - 6 1 = 1 c 07.4
2 1 150- .0 24 13391 ; 6 . ,"619C4 1520 .020
3 11 75- *0248 3e; 5 .28 'r200 1524 0 04
3 1 ;;DO - .02a04293 5 .289 6418 1-- 27 .997

1225- 10235-9751 .2 1 J6? .1 1 53 " 9S4
3 - . 0 2 , J 40

A17 wrr!



Table 5

cfzr:cients Required for Computation of Streamline Second Derivative

(a) -0.2000 4 3.1200

03

- , 'O00 . 353"9068 1 630
- 1600 19635-1 4 1 .748 17

- 1200 * 03 9 5045 2 .07860

- 0800 1 .12157326 2 . 4637

- C400 .- 29204Q5 2 .91 61

*0200 - .5783937 :3 .71 181

.0600 .- 8000322 4 37803

1000 - 1 .055248 '5 41625

1400 - 1 .:e53348 6 *030656

11800 - 1 .704959 7 064- 14

2200 - 2.122328 _ .264207

2600 - 2 .619577 4 .654355

.3000 - .212951 11 .26146

-1400' -3 . 921 149 13 1 1 494

.3800 - 4 . 765512 15 .24'704

4200 - 5.770424 17 .69294

.4600 - 6,963577 20 .4-079

5000 - 8 .376296 23 .65209
54-00 - 1 0 C 0) 4 M '? 2 7 1- 1 1 1 1

*)800 - 1 w .0 5 90 31 . 42 553

.6200 - 1 4 .30660 36 .07641

.6600 - '1 6 .99517 41 *31 778

.7000 - 20.12614 47 ;20717

*7400 - 23 .7!a971 _4.80 * -:36

.(800 - 27,96206 61 .17643
A 2 Q-0 - .32 .80576 69 .38779
a 600 - "38 .37008 78 .- 1 016

.9000 - 414 .74134 88 .61755

?9400 - 52 .01325 99 .78724

.9800 - 60 .28725 112 .0999
1 .000 - ,54 A 47494 118 .7109

1 *0400 - 74 .8 1906 1 .-3 . -, 2
1 0800 - i6 .09 SO8 14 4402
1 1200 8- 9 . 79590 1 F - . A48

1 1600 -. 11 . 0 .0,7 183 ,:4 "?53
1 2000 - 129 .03 '.[ 204,1601

1 2 00 - 14,5 e - 1,7-5 226 -0 0C5

1 2C00 - 166 .7 806 -2.-9 .,715
1 :1.2 0 0. -- 8a a v ,'-7 92 4 7 Z; S 108

1 _-3 0 - 21 3 ,4339 . .4193

1 40'.' 0 - 240 5878 33 .41 14
1 4 X0 0 - 270 .5753 365 - 040
1 4.'0"1 - 303 . 6227 400 .4174

1 00 - 33 .96 5 43 .67 .; 0
1 5600 - 4S -- 7Y .6030

c 0C0 - 423 .5723 -320 .3309

64 0 - 471 Z7 1 0 5 (;5 . 9 ) 10

S- " 2 3. 532 6 14 7 1 86
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Table 5 (Ccotinued)

(a) -. 0.Z0006,, 4 3.1200

1 .7200 - 5 , 0 .4141 6C6 65 22

1 .7600 - -.42 2F608 72 1 .9329

1 P.00 0 - 709 A A829 750 .7052

i * 7 ,.4 ;D,. . 36 7 5 11-03 . 1 62
1 .600 - 861 .2966 909 .3 1"9
1 .9200 - 946 . 6477 s%7S" . !,- 74

1 9t,00 - 1038 .813 0753 696
2o0o 0 1136 20 3 11 ".2 .1 ?
:e .40 o -1 ,45 e-I 4 2? 1 .5 .106
;.0 00 - 1360 .371 1302 .602

*1200 - 1464 .04,F 1394 .849

2.1600 -1616 .7454 1492 .01%
2* . .0Q0 - 1758 ,965 1591 .277
2 .2400 - 191 1 . 208 1701 .,--0 6
2 .2800 -2074 .005 1814 .783
2 3200 -2247 .904 1933 .390
S" 000 -- *,433 .467 -0 57 .8 10

2* 4 0:71 -IPA 1 1 pt 0 2188 .230
2 4400 -2841 ,P44 23. P4 .. 4 1
2 4 8k00 -3066 .081 2467 .5 -4 4
2 .5200 -3304 .334 2617 .406

. 600 0 - "3 2 !; .652 2937 .07-7
;o .6400 -4110.500 -3107 .581
2 .6800 - 4A12 .033 -1k 8 5 .471
2 "7200 -4731 . 192 -4470 . 957
2 .7600 - 06b .745 3C264 .249
2 .6/000 - 542 15*. 47b 3665 .562
2 .8400 -95802 .*I tO 4075 . 1 12
2 .8800. -6199 .740 4.93 .119
2 .9200 - 6618 ,954 4519 .806
2 .9600 -7060 .717 475S .397
3 .0000 -7525 .929 5000 .120
3 0400 -6 0 ; 5 .510 5 254 .20 5
3 .;800 -8530 408 9)517 1 ' ,
3 .1 200 - 907 1 "5 13-41 -791 3 c 4

WADC TP 54-Z79 420



Table S (Continued)

* (a) -0.2000 ( 4 3.1200

1 *720G 204 .06$A0 33726 .9
1 .7600 21 7 .23,86 3-810,j .20
1 .8 000 230 *.e 34 ' 29 52 .07
1 .8400 245 .3146 48314 10
1 .8800 260 .2440 54 2 . 38
1 9 o 0 275 7837 60752 68
1 .9600 291 ,9456 6"9 2.3 5 1
2 .0000 308 741r 75796 .26
2 .0400 326.1835 84425 .29
2 .0800 344 .2831 93.b8 .06
e 1200 3 G3 .9521 104185 .2
2 1600 382 .5021 1 1 A . . 6
2 20OU 402 .6448 127701 .8
2 2400 423 .4919 141039 .5

2 P 80 0 445 .0-4 7 155528 .4
2 .3200 4G7 :D44.9 17 Is 12,46 .7
2 3-00 49(- .3740 188276 . 7
2 .4000 514 . 1532 206704 .5

C 4400 538 .694." 22 6C 20 .5
2 4800 564 .0079 248119.4

, 00 =90 .1060 271300 0
2 5600 G 10 , 9.g9C 290265 .8
2 .6000 644 .7000 323125 0
2 .6400 673 .'2183 351990 4
2 .6800 702 .5657 382979 7

2 7200 732 .7534 416215 S
2 7600 763 .7924 451826 5
2.8 0 0 795 . 6-37 489945 2
2 . 8400 828 * 6 M!5 530 7 1() .4
2 5 5 0 0 5Gl .1277 574266 .4
? .9200 596 6822 b20763 .0
2 r, 0; 0,3 932 .1430 670356 2
- 0 000 9 6 8 5210 723207. 5
J 040 0 1005 . 6 ._ 7 7"9485 .0
:J a800 1044 .0 2 8-'9362 7

* 2 00 10 Z Zs , 2 t.e 9" 3021 -

421 w T .- 54--9



Table S (Continued)

(b) -O.2000 - 3.1200
i I

2000 48 E44 9 9 110636

- 1600 7225740 14 76402

- 1200 .9707396 57 *01 , *4 0

- 0800 -1 24 ( 172 -, ! .*01910

v- ir,0 1 5:49 40 3.36 . 5869

0200 2 10 3G35, 11 78161

.0600 2 .527341 13 ,5 5. 33

1000 3 .00775L 16 191 14

1400 3 . 552845 3 .00853

.1800 4 . -7 1022 27 02536

.. 2200 4 .87 1265 35 .39871

. 2600 5 .663102 45 . 1 ZS Il

.3000 6 .556579 5..O 7 3428

3400 7.562226 73.27717

.R800 8 69 1013 92 .97282

*4200 ! .954307 1 17 .8562

,4600 1 1 .36383 151 ,3338

'5000 1 2 .93162 187 .2146

5400 14 .66998 234 .4838

5800 1 6 .59144 290 4635

J= ;.! C f t, 7 0 " . Y -395,4 e.> v

6bOC 21 0'3469 451 .6861

7000 23 " 55236 555 .4190

*7400 26 .36481 681 .0244

7.300 29 . 39521 831 . 1502

*8200 32 .68677 101 1 .069

6 600 36 2527C 1223 727

9000 40 .10627 1487 *8.5

.9400 44 2 C 7 :. 1774 .849

9800 - 72920 21 25 - 1 - "i

1 rd ) 0  51 . t354 " -1 33 a 431

1 *0 00 5C 04O"1 2802 .521

1 0800 c- = r- 1 13?9 ,3 1-V "27"7

1 1200 67 C . 2302 3937 .6 1 7

1 1600 3 *0778 b 4642 -,44 :,

2000 79 - o8e 8 5454 550

1 .1 -100 e 43906 638 7 1 91

12800 93 ' 28 7454 856

1 3-0 0 10 1 . 2 3 3 8673 348

1 3&00 10S .3531 0059 .85

1 .400C0 1 1 63 *.02
4 4 0 126 t,4 I 34 1 Z .07

•. 4 00 j1 . 420;1 E,,- . 81

1 200 46 4020 17662 8 1

1 , 0 15 6 8..545 20221 42

1 b00 0 1 Ui , ). ',' " -4 . 7

11 40 179 4009 .24_ 3

1 60(00 191 *459V q q7 0 5 20
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Table 5 (Continuied)

(b) - o.ZOOO 44 3.1200

4 64

1 7 Q0 204 O C ",O 33726 .96

7600 217 .2386 38103 20

n: S? 0 Y3 4 12S)92 .0-
1 .#..400 245 . 3146 40314 .10

Fk800 260 .2440 54 232 .38

1 .- 200 275 "s ' 7 007 - '2 .58

1 9600 2 91 .9453 e7S. 7-3 .51

2.0000 308 . f416 75796 .26

2 0400 226 * 1835 84425 .29

0 F,0344 .2831 938b8 oc

2 1200 363 .0521 104185 2

2 1 O 0 382 5021 115440 .6

2 2000 402 6448 127701 .8

2 *9400 423 •4919 141049 .5

2 .2800 445 .0547 155528 4

2 . 00 467 .3449 17 i246 7

. 360C 490 .3740 188276 .7

2 4000 5 1 4 . 1 S-2 20 C,-704 .5

: .4400 538 .6941 226620 .5

£ 2 .4e.00 56 A .*0079 248119 .4

2 5Z.- .:)90 *1060 271 ? 0 n C0
t;2 !: *65 .

2. .600 61G '96 2ci265 9 8

' *t.000 644 .7000 323125 .0

2 6400 673 2183 351S90.4

2*Oo 0 0 2 5657 382979 .7

2 7200 732 .7534 416215 .8

2 7600 763 724 451826.5

2 .1000 795 . 6937 489945 .2

2 *5400 828 .4685 5307 10 .4

2 ,.3ro00 862 .1277 574266 . q

.9200 896 .6822 620763 .0

9' 00 932 . 1430 670356 .2

: *0000 r)6F. ,5210 723207 5

3 .0400 100 .*.827 779485 .0

:.I 0i00 1044 .072 839362 .7

3 1200 1083 -"66 903021 .3
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rable 5 (Continued)

(c) 0.2600 4 ; 3.1200

f,, 
VolY

02600 1 .0709 IU .01797 159 1 .521008

.3000 1 .20:4 5' .03397"312 1 606218

.3400 1 *364505 05320460 1 * 6' 781

.3800 1 .557247 .07691691 1 7', 365

*4200 ..785632 . 1067330 1 at: 10'r-59

.4600 2 .053995 01442750 1 .9< 376

.5000 2 .367142 .1 9 1 7 .11)'1 .021 r 61

.5400 2 -P73037 24 't -4 .--.'R 2 . 1 14071

.5800 3 ,.476 .3 12 9 0':" 2 . 01- 361-9

.6200 .3 ;.30 752 ,3 823 P . 2757-9

.6600 4 .1a10 10 .5062406 2 .35-2'.-

.7000 4 .807577 6405793 2.431094

.7400 5.518303 *8077789 2.506141

.7800 6 .321,, -- 1 1 .014940 2 .579332

.8200 7 .2262 55 1 .2-/0,49 3 2 .650620

.8600 8 .24 1 815 1 .504301 2 .719934

.9000 9 * 7E0200 1 .967S146 2 .787380

.9400 10 .64,-,90 2 .434914 2 .852838

.9800 12 ,05594 3 .000847 2 ,9 16-158 9.

1 .0000 12 .81792 3 .326469 2 .947397

1 .0400 14 .46328 4.075550 3.008052

1 .0800 16 .28083 4 .973948 3 .006635

1 .1200 18.28345 6.C47079 3.12378S

1 .1600 20 .48450 7 323916 3 .178943

1 .2000 22 .89792 8 .837333 3 .232358

1 .2400 25 .53e1 1 10 .62451 3 .284072

1 .2800 28 .42003 12 .72736 3 .334 143

1 .320e) 311, 55913 19 . 19300 3 .382618

1 .3600 34 .97139 18 .07417 3 .429551 -

1 ,4000 38 .67320 21 . 429&4 3 . 474993

1 .4400 42,68180 2.5.32567 3.518997

1 .*4800 47 .01443 2. P .83460 3 .561613

1 .5200 51 .68917 35 .03750 3 .602892

. S600 56 .72452 41 .0 2374 3 .642883

.6000 62 .13947 4", .89169 j .*68163-

1 G400 67 .95351 55 .75044 3 .71919

1 6 00 74 186#51 64 .71 e49 3-4 . 7n n60'

1 .7200 fU .*85926 74 S42654 3 . -9091C

1 .7600 R7 .Q9 :,A I a 6 3 8 8 s I ; 1 %-F

1 .8000 95 .50750 99 . 6 4 660 3 :. 8;.-'7 s

1 8A00 1 .)3 .7264 114 .484' 1 - d90621

1 .68oc' 1 12 .3717 131 .214-- 3 . 92 1 "02C

1 .9200 " 21 .566 1 ,50 .0376 3 .95231 1

1 .9600 131 .3331 71 . 1712 3 .98182

2 .0000 1 41 .69 F 194 .8501 4 .010So

2 ,U4 00 1 52 . 6 #-0 - 221 .3280 .0:Ia-fkc

2 .0500 1 64 .3103 2t0 .87!0 4 *0 -n!517 "

1 1200 1 76 05 10 7 a 3 .79 40 4 , Si I Fk 2 z

2 i 0 1 c - 6 320 .4026 4 .1174 5'
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